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SUMMARY
Research into the synthesis of pure hydrocarbons 
received much stimulus during the war years, when the 
characteristics of as large a number of pure hydrocarbons 
as possible were needed. The present study formed part of 
a wide scheme for this purpose. During the work on 
synthesising hydrocarbons the author found that, inasmuch as 
the synthesis of pure hydrocarbons depended to a large extent 
on the Grignard reaction, it was necessary to try to obtain 
a better understanding of this reaction.
This Thesis therefore serves two purposes. It 
describes the author*s Investigation of the abnormal reaction 
of Grignard reagents with carbonyl compounds, and it describes 
the synthesis of two hydrocarbons, 2:4;6-trimethylheptane and 
2:3:5-trimethylhexane, and the preparation of four others, 
believed to be new;
3;4-dimethylnonane, 3:4-dimethylo ctane,
2:4; 5-trimethylheptane, 2; 6-dimethyl-4-3^sobutylhept ane
The investigation of the Grignard reaction occupies 
the larger part of the thesis, and is devoted to a survey 
on some of the past work on abnormal Grignard reactions, 
to a discussion of the mechanisms of abnormal reactions, and
7& the application of the author*s results to these 
mechanisms.
The author*s results lead him to refute the 
"alcoholate" and "addition" mechanisms, and to postulate 
that all Grignard reagents can dissociate homolytically 
and heterolytically, the extent to which any Grignard 
reagent does so depending on the nature of the Grignard 
reagent and the nature of the second reactant.
The author concludes that, for this reason, 
the mechanism of reduction of carbonyl compounds by Grignard 
reagents is one of free radicals, whereas that of énolisation 
and condensation is ionic.
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INTRODUCTION
The scope in  r e a c t i o n s  e n a b l in g  th e  s y n th e s i s  o f  s a t ­
u r a t e d  a l i p h a t i c  h y d ro c a rb o n s  in  a  h ig h  d eg ree  o f  p u r i t y  i s  
n o t  l a r g e ,  ?nd ^vhen one cornea t o  th e  h i ^ e r  h y d ro c a rb o n s ,  say
beyond Cg, th e  scope becomes even more l i m i t e d ,  ending , p r a c ­
t i c a l l y  in  th e  u se  of one r e a c t i o n  -  th e  G r ig n a rd  r e a c t i o n .
The g e n e r a l  scheme of s y n t h e s i s  o f  th e  p u re  h y d ro c a rb o n  i s  
t o  aim f o r  a  t e r t i a r y  c a r b i n o l  c o r r e s p o n d in g  w ith  th e  h y d ro ­
ca rb o n , f o r  in  moat easels th e  t e r t i a r y  c a r b i n o l  i s  e a s i l y
d e h y d ra te d  and re d u c e d  t o  th e  h y d ro c a rb o n ,
ROHg RCH HCHo
I II  I
Ri C— OH  - H i  C ------ — Hi CS
I I  I
Rg Rg Rg
The d i f f i c u l t i e s  in  th e  s y n t h e s i s  o f  p u re  a l i p h a t i c  
h y d ro c a rb o n s  t h e r e f o r e  l i e  no t so much in  th e  s y n th e s i s  of 
th e  h y d ro ca rb o n  a s  in  t h e  s y n t h e s i s  o f  th e  t e r t i a r y  c a r b i n o l .  
Once th e  c a r b in o l  i s  o b ta in e d  i t  i s  n o t  u n i i k e l y  t h a t  th e  
co u rse  to  th e  h y d ro c a rb o n  w i l l  be s im ple  and e a s i l y  fo l lo w e d . 
A d m itted ly  t h e r e  a re  th e  p o s s i b i l i t i e s  o f  m o le c u la r  r e a r r a n g e ­
ment and o f  p o ly m e r i s a t io n  in  g o in g  from  th e  t e r t i a r y  c a r b in o l  
t o  th e  h y d ro ca rb o n , but th e y  a re  sm all com a re d  w ith  th e  
d i f f i c u l t i e s  of a r r i v i n g  a t  p u re  t e r t i a r y  c a r b i n o l .  Once 
th e  t e r t i a r y  c a r b i n o l  s ta g e  h a s  been r e a c h e d  th e r e  i s  no
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p o s s i b i l i t y  o f  p u r i f y i n g  p r o d u c t s  o th e r  th a n  by f r a c t i o n a l  
d i s t i l l a t i o n  o r  c r y s t a l l i s a t i o n  a t  low t e m p e r a tu r e s .  T here­
f o r e  s y n t h e s i s  o f  t e r t i a r y  c a r b i n o l s  must be th o s e  w h id i have 
th e  l a r g e s t  p o s s i b l e  l i k e l i h o o d  of g iv in g  a  p u re  p ro d u c t  o r  
th o s e  from  which th e  t e r t i a r y  c a r b i n o l  i s  most e a s i l y  s e p a r a b le .  
I t  may n o t  a t  t h e  s t a r t  be a p p a re n t  t h a t  to  s a t i s f y  th e s e  
c o n d i t io n s  one would n o t from c h o ic e  u s e  th e  G rig n a rd  r e a c t i o n  
a s  a  g e n e r a l  method. However, in  th e  m a jo r i t y  o f  c a s e s  
t h e r e  i s  no c h o ic e .  I t  i s  n e c e s s a r y  t o  u s e  th e  G r ig n a rd  
r e a c t i o n  o n ly  a  few t im e s  to  r e a l i s e  i t s  l i m i t a t i o n s .  T h is  
r e a l i s a t i o n  came e a r l y  in  th e  co u rse  o f  th e  p r e s e n t  work, and 
l e d  t o  a  s tu d y  of t h e  a b n o r m a l i t i e s  o f  t h e  G r ig n a rd  r e a c t i o n .
As an i n t r o d u c t i o n  t o  t h i s  s tu d y  a  rev iew  i s  g iv e n  in  P a r t  I  
o f  t h i s  t h e s i s  of th e  e a r l i e r  work on th e  s id e  r e a c t i o n s  o f  
G r ig n a rd  r e a g e n t s  w ith  c a rb o n y l compounds.
•?>
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o id e  r é a c t i o n s  o f  th e  G r ig n a rd  r e a c t i o n  hîsira lo n g  
been  knoom and accep ted*  Indeed  th ey  o c c u r  m  f r e q u e n t l y  and 
r e a d i l y  t h a t  a  more sg pp rop ria te  nmie f o r  tîiem «rould be th e  
a b n o r m a l i t i e s  o f  th e  G r lg n j^ d  r e a c t i o n ^  f o r  in  many c a s e s  th e  
•a b n o n a a l*  r e a c t i o n  becomes th e  ma.in r e a c t i o n  and th e  •main» 
r e a c t i o n  becomes i n s i g n i f i c a n t *  To such an e x t e n t  does  t h i s  
o c c u r  t h a t  one may choose  & G r ig n a rd  r e a c t i o n  i n  o r d e r  to  
sy n th e s is e  th e  ^abnormal* p r o d u c t .
There a re  s e v e r a l  abnormal r e a c t i o n s  and th e  f re q u e n c y  
and e x t e n t  w ith  which any one o c c u rs  i s  d i f f e r e n t  f rom  t h a t  
o f  a n o th e r ,  ^ e y  may be c l a s s i f i e d  as  f o l lo w s :
(1 )  abnormal b e h a v io u r  o f  th e  G r ig n a rd  r e a g e n t  i t s e l f ,
(3 )  abnormal i n t e r a c t i o n  o f  th e  G r ig n a rd  and a  second  
r e a g e n t .
Of t h e  tJO th e  second h a s  th e  g r e a t e r  i n t e r e s t  and im portance^  
b u t  any work on r e a c t i o n s  o f  th e  second  c l a s s  must ta k e  in to  
c o n s id e r a t i o n  th o s e  o f  th e  f i r s t  c l a s s .  The r e a s o n  f o r  t h i s  
w i l l  g^pe&r l a t e r .  R e a c t io n s  o f  c l a s s  (1 )  a re
(a )  th e  c o u p l in g  o f  th e  G r ig n a rd  r a d i c a l ,  i . e .  from  a  
G rig n a rd  r e a g e n t  R%% t h e r e  i e  o b ta in e d  th e  compound R-R, T h is  
i s  s a i d  t o  o cc u r  f r e q u e n t l y  b u t u s u a l l y  t o  a  sm all e x t a n t .
4.
(b )  d i s p r o p o r t i o B a t io n  o f  th e  G r ig n a rd  r a d ic a l .^  i . e .  , 
from  th e  m utual o x id a t io n  and r e d u c t i o n  o f  two R r a d i c a l s  
th e r e  a re  o b ta in e d  a  s a t u r a t e d  h y d ro c a rb o n  and an o l e f i n .
The p r e s e n t  s tu d y  d e a l s  w ith  abnorm al r e a c t i o n s  of 
G r ig n a rd  r e a g e n t s  w ith  c a rb o n y l  compounds, and s in c e  r e a c t i o n s  
o f  t h i s  ty p e  g iv e  r i s e  t o  s a t u r a t e d  and u n s a t u r a t e d  h y d ro ­
c a rb o n s ,  th e  p o s s i b i l i t i e s  o f  d i s p r o p o r t i o n a t i o n  (b) must 
n o t  be o v e r lo o k e d .
Of t h e  second c l a s s  o f  abnorm al r e a c t i o n s  t h e  c h i e f  o f  
th o s e  which co n cern  r e a c t i o n  w ith  c a rb o n y l  ccaapounds a re  
known a s ;
(c)  r e d u c t io n ,  i n  which th e  ca rb o n y l compound i s  
red u ce d  t o  a  p r im ary  a l c o h o l  in  th e  c a se  of a ld e h y d e s ,  o r  a  
seco n d ary  a lc o h o l  i n  th e  case  o f  k e to n e s .
(d )  e n o l i s a t i o p . in  which th e  c a rb o n y l  confound i s  
o b ta in e d  unchanged in  th e  r e a c t i o n  p r o d u c t ,
(e) condensâ t io n ,  in  which th e  c a rb o n y l  compound i s  
o b ta in e d  in  a  m u l t im o le c u la r  fo rm .
T h is  s tu d y  a ro se  a s  th e  r e s u l t  n o t so much o f  th e  
o b s e r v a t io n  o f  one of th e s e  r e a c t i o n s ,  b u t  o f  th e  o b s e r v a t io n  
o f  two r e a c t i o n s ,  namely r e d u c t io n  and c o n d e n s a t io n .  F o r  
i t  was found t h a t  w hereas  i n t e r a c t i o n  o f  one G r ig n a rd  r e a g e n t ,  
igopropyIm agneslum  brom ide w ith  m ethyl i s o p ro p y l  k e to n e  cau sed  
c o n s id e r a b le  c o n d e n sa t io n  of t h e  k e to n e  t o  i t s  k e t o l ,  i n t e r ­
a c t i o n  o f  th e  same k e to n e  w ith  isobu ty lm agnesium  brom ide doused
5. .
l i t t l e  c o n d e n s a t io n ,  b u t  c o n s id e r a b le  r e d u c t i o n  o f  th e  k e to n e  
to  th e  c o r re sp o n d in g  seco n d ary  c a r b i n o l : -
. (CH3 )g CH.CHs C(OH). CHg.CO.CHg CH (CH3 )g
CHs^ CHg
)CH.CHg.C0.CH3
^ 3  (0H3)g CH.CHg C0(OH) CH3
I t  seemed t h e r e f o r e  t h a t  r e d u c t io n  and c o n d e n s a t io n  o f  k e to n e s  
by G r ig n a rd  r e a g e n t s  were n o t  t o  be th o u g h t  o f as s e p a r a te  
b e h a v io u r s ,  b u t  t h a t  t h e  mechanisms of c o n d e n s a t io n  and 
r e d u c t io n  were c l o s e l y  a l l i e d .  R e d u c t io n  of c a rb o n y l  compounds 
was r e c o g n is e d  e s x ly  i n  th e  h i s t o r y  o f G r ig n a rd  c h e m is t ry  and 
a good d e a l  o f  work h a s  been  done in  i n v e s t i g a t i n g  th e  con­
d i t i o n s  and c a u se s  of r e d u c t i o n .  C o n d en sa tio n  o f  c a rb o n y l  
compounds however, a l th o u g h  e q u a l ly  lo n g  r e c o g n i s e d ,  h a s  n o t  
b een  th e  s u b je c t  o f  so much a t t e n t i o n ,  and i t  h a s  been  th e  
p r a c t i c e  o f  many w o rk e rs ,  even  th o s e  w ork ing  on r e d u c t io n ,  t o  
speak of " h ig h e r  b o i l i n g  rea ich ie s"  in  th e  r e a c t i o n  p r o d u c t s  
and t o  d e s c r ib e  them e i t h e r  as  c o n d e n s a t io n  p r o d u c t s  o r  m ere ly  
as " p ro b a b ly "  b e in g  c o n d e n s a t io n  p r o d u c t s .  There h a s  not 
been  th e  same u rg e  in  i d e n t i f y i n g  and e x p la in in g  t h e s e  con­
d e n s a t io n  p r o d u c t s  as  th e r e  h a s  been  w ith  r e d u c t i o n  p r o d u c t s .
I t  was e v id e n t  t h e r e f o r e  t h a t  i f  t h e r e  was a  l i n k  be tw een  th e  
c a u se s  of r e d u c t io n  end c o n d e n s a t io n  a  scheme o f r e a c t i o n s  
sh o u ld  be u n d e r ta k e n  in  which b o th  r e d u c t i o n  and c o n d e n sa t io n  
p r o d u c t s  must be i s o l a t e d  and i d e n t i f i e d  a s  q u a n t i t a t i v e l y  a s  
p o s s i b l e  and c o r r e l a t e d  w ith  t h e  q u a n t i t i e s  o f  norm al and o th e r
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p r o d u c t s  from  th e  r e s p e c t i v e  r e a c t i o n s .
T h is  meant t h a t  t h e  c o n t r o v e r s i e s  which have r e ig n e d  o v e r  
b o th  r e d u c t io n  and c o n d e n s a t io n  m ust be i n v e s t i g a t e d  and 
b ro u g h t in to  l i n e  w ith  each o t h e r .  T h is  was no t a l l  how ever. 
There were two o t h e r  p ro b lem s t o  be c o n s id e r e d .  They were 
é n o l i s a t i o n  and th e  n a tu r e  o f  th e  G r ig n a rd  R eag en t.  The fo rm er  
i s  an  im p o r ta n t  f a c t o r  i n  abnorm al r e a c t i o n s ,  a s  w i l l  be se e n .  
The l a t t e r  i s  im p o r ta n t ,  f o r  i t  i s  n o t p o s s i b l e  t o  a t te m p t  any 
c o n s id e r a t i o n  o f  r e a c t i o n  mechanisms w i th o u t  h a v in g  an id e a  
o f  th e  n a t u r e  o f  th e  r e a g e n t  in v o lv e d .
I n v e s t i g a t i o n  o f  th e  e a r l i e r  work on th e s e  abnorm al 
r e a c t i o n s  showed t h a t  i t  i s  s u i t a b l e  t o  d iv id e  a  re v ie w  of 
t h i s  work in  th e  fo l lo w in g  manner
(A) R e d u c tio n
(B) C o n d en sa t io n  and E n o l i s a t i o n
I t  was a l s o  found  t h a t  i n  (A) and (B ) ,  a f t e r  th e  f i r s t  few 
p a p e rs  had  been  p u b l i s h e d ,  developm ent i n  mechanisms p ro cee d ed  
in  d e f i n i t e  s t a g e s .  They a re  in  (A)
(1) The HMgX and a l c o h o la t e  t h e o r i e s ,
( 2 ) Mechanisms in v o lv in g  r a d i c a l s ,  
and in  (B)
( 1 ) The a l c o h o la t e  t h e o r i e s .
( s )  S t e r i c  in f lu e n c e  and co m p lex ity  o f  r e a c t a n t s .
( 3 ) E le c t ro m e r ic  in f lu e n c e
7.
HEDUQTIOir
T h is  ty p e  of abnormal r e a c t i o n  of t h e  G rig n a rd  r e a g e n t  #a3 
f i r s t  n o t i c e d  and r e p o r t e d  by G r ig n a rd  (1 9 0 1 )^ . N oth ing  
more was r e p o r t e d  th a n  t h a t  from th e  i n t e r a c t i o n  o f  i s o  amyl- 
magnesium brom ide and  b en za ld eh y d e  t h e r e  was o b ta in e d  a  l i t t l e  
ia o a m y lp h e n y lc a rb in o l  and some b en z y l a l c o h o l .
j y  _  PhOH(OH).isote
Ph. C. + IsoAmylMgBr
^  PhGHgQH
S a b a t i e r  and M ailhe (1904)^  however were t h e  f i r s t  c h e m is ts  
t o  r e p o r t  an i n v e s t i g a t i o n  o f  r e d u c t i o n  and to  su g g e s t  a  way 
i n  which i t  m igh t o c c u r .  They h ad  n o t i c e d  t h a t  th e  a c t i o n  
o f  iso b u t  vim aimes ium brom ide on c v c lo h exanone gave o n ly  a  
15;^ y i e l d  o f  t h e  t e r t i a r y  c a r b i n o l ,  t h e  m a jo r  p a r t  o f  t h e  
p ro d u c t  b e in g  cycXoh e x a n o l .  and th e y  th o u g h t  a t  t h a t  t im e  t h a t  
th e  f o rm a t io n  o f  t h e  c y c lo h ex an o l o c c u r r e d  a t  th e  h y d r o l y s i s  
s ta g e  by th e  breakdown o f  t h e  norm al a d d i t i o n  p ro d u c t  t o  
oyol_Qhexanol and b u ty le n e .  They found  s u b s e q u e n t ly  t h a t  th e  
b u ty le n e  was p ro d u ced  a b u n d a n t ly  on th e  a d d i t i o n  of th e  c v c lo -  
hexanone to  th e  G r ig n a rd  r e a g e n t ,  and t h i s  l e d  them t o  su g g es t  
t h a t  when th e  MgBr went t o  th e  c a rb o n y l  oxygen i t  to o k  hydrogen  
w ith  i t  and l e f t  b u ty le n e  t o  be e v o lv e d .  From e x p e r im e n ts  
w ith  o t h e r  k e to n e s  and G rig n a rd  r e a g e n t s  th e y  o b ta in e d  th e  
fo l lo w in g  r e s u l t s :
8 .
Ketone
Acetone
cYcloIi e xanone
c v c lo h exanone
c v c lo h exanone
c v c lo h exanone
c v c lo h exanone
Qvclohe xanone
QcvQlohe  xanone 
c v c lo h e xanone
Gr ig n a rd
IsoBuMgrBr
MeMgl
EtMgl
P r % I
IsqAmMRl
i s o A rnMpcBr
ia o P rMgl
e -o c ty lM g l
cv c lo h  e xylMgCl
o v a lo h exylMgCl
Y ie ld  t-OH
50^
m ajo r
m a jo r
35^
20^
Y ie ld  r e d n . 
o ro d  
f a i r  amount 
l i t t l e  
l i t t l e  
50^
Benzophenone 
d i c v c lo h e x v lk e to n e  c v c lo h exylMgCl 
c v c lo h exanone PhMgBr
20^
75^
a lm ost e n t i r e l y  
a lm ost e n t i r e l y
m a jo r
I t  was a l s o  s t a t e d  t h a t  t h e  r e d u c t i o n  o f  a l i p h a t i c  and 
a ro m a t ic  a ld eh y d e s  was s l i ^ t  e x c e p t  in  th e  ca se  o f  c l i l o r a l .  
They were t h e  f i r s t  a u th o r s  t o  a t t r i b u t e  to  t h e  n a t u r e  of 
th e  G r ig n a rd  r e a g e n t  a  g r e a t  in f lu e n c e  in  r e d u c t io n .
An e x p la n a t io n  o f th e  r e d u c in g  a c t i o n  o f  G r ig n a rd  
r e a g e n t s  on azo compounds was o f f e r e d  by F ra n z e n  & D ie b e l  
(1 9 0 5 )^ , They fo u n d  t h a t  azobenzene and a z o to lu e n e  were 
red u c e d  by e thy im agnesim  brom ide t o  th e  r e s p e c t i v e  h y d razo  
compounds.
PhN
PhH
4- 2 EtMgBr
PhMgBr
Ih M g B r
2 % 0  
P h .M .H N .P h .
In  t h e s e  o a s e s  however th e y  d e p ic t  a  mechanism whidx in c lu d e s  
th e  fo rm a t io n  o f b u ta n e .
S i m i l a r l y  w ith  a ld a z in e  and b e n z a ld a z in e  th e y  r e p o r t e d  
th e  fo rm a t io n  of h y d razo n e  d e r i v a t i v e s  o f  t h e  c o r re s p o n d in g  
p r im a ry  h y d r a z in e s  a c c o rd in g  t o  th e  f o l lo w in g  m echan iaa ;
9.
% B r
Ph.CH===-N .Et P h .C H ~N ,M gB r
j + 2  ^ 1 + C& %o
Ph,CH-=^N Br P h . ® — N
BHgO
P h . ® 2  KH. N— ® , P b .
lAicaa (1910)^ fo u n d  t h a t  w h e rea s  th e  a c t i o n  o f  M e% I, 
EtM gl, PhMgBr, and benzylMgCl on t r im e th y la o e to p h e n o n e  gave 
th e  ex p e c te d  a d d i t i o n  p r o d u c t ,  iso P rMgBr gave th e  r e d u c t io n  
p ro d u c t
THE HMgX HYPOTHESIS AND ALCOHOLATE THEORIES
I t  h ad  o c c u r re d  t o  Heaa & R h e in b o ld t  (1931)^  t h a t  th e  
i n f l u e n t i a l  f a c t o r  i n  th e  re d u c in g  a c t i o n  o f  G r ig n a rd  r e a g e n t s  
m i ^ t  be th e  hydrogenm agnesium halide  T h e i r  a t te m p ts
t o  s y n th e s i s e  and i s o l a t e  such a  h a l i d e  were u n s u c c e s s f u l ,  b u t  
th e y  were o f  th e  o p in io n  t h a t  i t  d id  e x i s t  i n  t h e  form  o f  an 
in te rm e d ia te  a d d i t i o n  p ro d u c t  h a v in g  th e  re d u c in g  p r o p e r t i e s  
which one m ight ex p e c t  from  HMgX, They found  m oreover  t h a t  
th e  i n t e r a c t i o n  of EtMgBr and b en za ld e h y d e  c o u ld  be d i r e c t e d  
i n  two ways. By warming th e  r e a c t a n t s  in  e t h e r  s o l u t i o n  on 
a  w a te r  b a th  th e y  o b ta in e d  a f t e r  h y d r o l y s i s  b e n z y l  a l c o h o l ,  
b u t  when h y d r o ly s i s  was c a r r i e d  ou t w i th  p r e l im in a r y  warming 
th e y  o b ta in e d  a  s m a l le r  y i e l d  o f  b e n z y l  a lc o h o l  and some o f
10.
th e  norm al p r o d u c t ,  e th y lp h e n y lc a r b in o l
They conc luded  t h e r e f o r e  t h a t  in  th e  r e a c t i o n  betw een  
a  G r ig n a rd  r e a g e n t  and an a ldehyde  a  p ro d u c t  must be form ed 
which c o u ld  e a s i l y  g iv e  th e  r e q u i r e d  seco n d ary  c a r b i n o l ,  b u t  
which c o u ld  a l s o  e a s i l y  lo s e  th e  o l e f i n  c o r re s p o n d in g  w ith  
th e  o r i g i n a l  G r ig n a rd  r e a g e n t .  The p o s s i b i l i t y  t h a t  such a  
compound co u ld  be formed by th e  a d d i t i o n  a c ro s s  th e  doub le  
bond o f  th e  ca rb o n y l g roup  was ex c lu d ed  by ' them, s in c e  th e y
R \  ^OMgBr
^ 0 = 0  ^  EtMgBr -------
R r ^  R f  ^ E t
c o n s id e re d  t h e  l o s s  o f  an o l e f i n  from  such a  compound at 
m odera te  t e m p e r a tu r e s  t o  be u n l i k e l y .  I n s t e a d  th e y  p o s t ­
u l a t e d  t h a t  a  compound i s  form ed c o n t a in i n g  a  l e s s  s t a b l e  
l in k a g e  such as  e, c o o rd in a te  l i n k ,  and th e y  fo rm u la te d  t h i s  a s
R_ .X
^ 0 = 0  Mg(:
%  ''Î*
ad d in g  t h a t  in  c e r t a i n  e a s e s  i t  m igh t be p o s s i b l e  t h a t  s e v e r a l  
ca rb o n y l compound m o le c u le s  and e t h e r  m o le c u le s  p a r t i c i p a t e d  
in  th e  c o o r d in a t io n  around  th e  c e n t r a l  Mg atom. The co o rd ­
i n a t i o n  compound was th e n  d e p ic t e d  as  u n d e rg o in g  two r e a c t i o n s :
+ MgX(OH)
 « 3 < E t
heat R > C = 0  M3 <jJ  + CH;,=CH^
g ^ C H ( 0 H)
11.
S u p p o rt f o r  th e  in te r m e d ia te  c=3s= 0  was
Rf"
s a i d  t o  e x i s t  in  known k e to n e  m e t a l l i c  8 a l t  com plexée.
The HMgX h y p o th e s i s  was f u r t h e r  p ro p a g a te d  by Hes^a & 
lu a t r o w  (1924) in  t h e i r  s t u d i e s  on th e  cinnaBialdehyde-iao B uMgBr 
r e a c t i o n .  The ty p e  o f  e v id en c e  s u p p l ie d  i s  s i m i l a r  t o  t h a t  
of Hess and R h e in b o ld t .  ( i . e . )  th e  compound r e s u l t i n g  from  
th e  a d d i t i o n  o f  cinnaraaldehyde t o  isoBu fe B r  was' shown t o  
c o n s i s t  o n ly  o f one m o lecu le  o f  each  r e a c t a n t ,  was found  to  
g iv e  cinnam yl a lc o h o l  on h y d r o l y s i s  w i th o u t  p r e v io u s  h e a t i n g ,  
b u t  Was found  to  g iv e  iso b u ty le n e  and COGHgOMgBr ' by  warming 
t o  room te m p e ra tu re  o r  j b e t t e r ,  in  b o i l i n g  e t h e r .
T h is  b e h a v io u r  was ta k e n  a s  showing c l e a r l y  th e  c o o r d in a te  
n a t u r e  of t h e  c o u p l in g  betw een  th e  magnesium and th e  a ld e h y d e ,  
and to  con firm  t h i s  th e  same a u th o r s  d i s c u s s e d  th e  ty p e  of 
compound l i k e l y  t o  be  form ed from  such a  r e a c t i o n  a s  t h e i r s  
and th e  p r o d u c ts  l i k e l y  t o  be o b ta in e d  th e re f ro m . The p o s s i ­
b i l i t i e s  w ere .
_Br
( 1 ) Ph,CH>^CHCH-»=0
C4 H9 
.OMgBr
( 2 ) P h .C H = C M .C hC r
^ C 4Hg
(3) Ph.CH =CH ,CH  — 0
12.
As f a r  as  ( 3 ) was oonoerned th e y  f e l t  t h a t  th e  a d d i t i o n  o f  
W ater to  t h i s  would g iv e  th e  s u b s t i t u t e d  a ldehyde  
PhCH( C4H9 ) ® a n d  s in c e  t h i s  had  n o t  b ee n  o b se rv e d  
fo a s m la  (3 )  was e x c lu d e d .  F o n s u la  ( 2 ) was ex c lu d ed  on th e  
g ro u n d s  t h a t  an a n a lo g o u s  compound made by th e  I n t e r a c t i o n  o f  
iso b u t y l s t v r v l c a r b i n o l  and EtMgBr f a i l e d  to  g iv e  is o b u t y l e n e  
on warming, and on h y d r o l y s i s  gave o n ly  th e  seco n d ary  c a r b in o l  
o r  i t s  an h y d r id e  PhOH=®OH=:®C3H7.
A second  d i f f e r e n t i a t i n g  r e a c t i o n  q u o te d  was t h a t  in v o lv in g  
a c e ty l  c h l o r i d e .  The a u th o r s  fo u n d  t h a t  from  th e  r e a c t i o n  
be tw een  a c e ty l  c h lo r id e  and (1) o innam aldehyde was r e o b ta in e d  
in  40^ y i e l d .  On th e  o th e r  hand  th e  a c t i o n  o f  a c e t y l  c h l o r id e
, . ^OCOCH»
on (2) gave only the acetate PhCfeCH® or the anhydride
Ph®3sCH®=C3H7. Hence i t  was concluded that the compound 
formed by the addition  o f oinnamaldehyde to  isoBuBcBr and 
given  formula ( l )  was ce r ta in ly  d iffer en t from the isom eric 
compound (8)
F u r th e r  th e  a c t i o n  o f  a c e t y l  c h l o r id e  on th e  b u t y l e n e - f r e e  
CgHgOMgBr gave o n ly  t h e  a c e t a t e  o f  c innam yl a l c o h o l  and t h e r e ­
f o r e  th e  p o s s i b i l i t y  t h a t  t h i s  compound e x i s t e d  a s  >
Ph®=®CH=0»*- MgCg^ Was e x c lu d ed  to o .  However i t  was
*
b e l i e v e d  t h a t  i t  was n e c e s s a r y  to  c o n s id e r  t h i s  hydrogenmagnesium 
h a l i d e  to  be an in te rm e d ia te  in  t h e  fo rm a t io n  o f t h e  a l c o h o la t e  
GgHgOMgBr, and th e  fo l lo w in g  «nheme was p r o p o s e d : -
PA.XH = CH.CH0 t  CH.H<jMc6r  PCCH-CHCH»0..........
1%%1
&  i
CU.H4
(KCh- cuch- o  ■■•■
I P^atrCHCMOrijBr
C«.He + r%CW=CHCH=o 1  __ . o .  ,
 -C H
ah.liilmlé't mN* Roleff (1984)^ 1» m la t»r  oontaibutloA t© the 
H i^  tWory oo»ei4exe«t la the aw e «ay «a Bees »M Rh@laho.ldt 
the poeslhle st:ruetujree of # 0r%aerd-oarboayl oomplex # ie h  
ffli^t lead to  both aom al eâditloa mad. redaotloa. Bowever, 
they etreeaed that it  atm l#W0@ible to  geaera lia e  #lth the 
hBowledge in exieteaoe at that ttea  and they therefore oen- 
f  Inaoi themeeleea to Inditfldual Qrtgnard reagento end ether- 
free eotsplexee. The formal at lone âleouaeed «ere*
(1) Grignard' a alcohol ate &  ^  ^  ^ ^
(2) Brena'a oj^aiaa @ x
( 3) Meleenheiiseiiser'» eoordinate ^>c=o '
(4) Trie aient coord Inatlo»
ber^-^ ^ V
( %) Heea & Rheinboldt' a coordinate 
Slnoe it  aae already tnoan t h a t  PhK# did not eeuae redaction 
they o-oBpared react lone o f the type 
Ph. I
( a )  ^ C r * = 0  + (B) " ^ ^ 0 = 0  +. % % %
R ^Rj. R  ^
and they foand that in the «eriea B, in # lo b  Ph%Br and 
oyolohOjcviKgGl acre aeetl, no radWtion ocoarred, hut In earioe 
A* in ffhioh ladBulWBr had he-n need, axtaneive reduction 
occurred.
14.
They t h e r e f o r e  oonoltided t h a t  s in c e  h e a t i n g  a  compound o f  
th e  B a e r i e s ,  in  vAiidh Rg was l i n k e d  to  th e  c a rb o n y l  c a rb o n , 
d id  n o t  cause  r e d u c t i o n ,  th e n  in  th e  s e r i e s  A in  which r e d u c t io n  
h ad  been  o b se rv e d  th e  Rg cotvld n o t  be jo in e d  t o  c a rb o n y l  
ca rb o n .
They a l s o  p r e p a re d  s e v e r a l  a lc o h o l  a te  s an a lo g o u s  to  (1 )  
by i n t e r a c t i o n  o f  a  G r ig n a rd  r e a g e n t  and an a l c o h o l ,  and found 
t h a t  h e a t in g  th e s e  a l c o h o l a t e s  d id  n o t form o l e f i n s .
F o rm u la t io n  ( l )  was t h e r e f o r e  r u l e d  o\it on two c o u n t s ,  and 
an e t h e r - f r e e  complex ( 5 ) ,  an a lo g o u s  t o  com plexes formed 
betw een  ca rb o n y l compounds and m e t a l l i c  s a l t s , w a s  g iv e n  p r e ­
f e r e n c e .  T h is  f o rm u la t io n  h ad  some su p p o r t  i n  t h a t  i t  c o u ld  
be e n v isa g e d  as  th e  p r e c u r s o r  t o  th e  h a lo g e nomagnesium hal id e  
HMgX w hich , i f  formed by th e  l i b e r a t i o n  of th e  o l e f i n ,  would 
be a  re a d y  ag en t of r e d u c t io n ,
R h e in b o ld t  and R o le f f  (1925)® c o n t in u e d  t h i s  h y p o th e s i s  
w ith  th e  i n v e s t i g a t i o n  o f  th e  in f lu e n c e  o f  te m p e ra tu re  on 
r e d u c t io n ,  and th e  dépendance o f  r e d u c t i o n  on th e  n a tu r e  o f  
th e  G rig n a rd  r a d i c a l  and th e  c a rb o n y l  compound.
They found t h a t  th e  y i e l d s  o f  b e n z h y d ro l  from th e  a c t io n  
o f  EtMgBr, isoBuMgBr, and py c l  oh e xy IMgCl on ben za ld eh y d e  were 
in c r e a s e d  by working in  b o i l i n g  e t h e r  s o l u t i o n ,  and more so 
by chang ing  from e t h e r  t o  th e  h ig h e r  b o i l i n g  s o lv e n t  benzene .
K etones  i n v e s t i g a t e d  were benzophenone , p h en y l iso b u t y l  
k e to n e  and p in a c o lo n e .  I t  was found t h a t  isoBuMgBr caused  more 
r e d u c t io n  th a n  c v c lo hexvlM gCl. b u t  a l th o u g h  benzophenone and
15. ^
W
ï>',
p h en y l iso b u t y l  k e to n e  were q u a n t i t a t i v e l y  red u ce d  by
I
isoBu t e B r . p in a c o lo n e  was re d u c e d  o n ly  t o  th e  e x t e n t  o f  7 ^ ,  !
T h e i r  c o n c lu s io n s  were a s  f o l lo w s :  R eac t i o n - f i r s t  |
p ro d u c e d  th e  a d d i t i o n  p ro d u c t  ( I )
R. R_
(I) 2%: 0 = 0  MgXRg ------  ^O-OMgX (II)
^1 % I
^ 2
and ( I )  co u ld  lo s e  O l e f i n  t o  form  __0=0 Mg
R%
However ( I )  co u ld  a l s o  change t o  ( I I ) ,  and s in c e  ( I I ) c o u ld  
no t l o s e  o l e f i n  th e  f a c t  t h a t  r e d u c t io n  i s  n o t  always 
q u a n t i t a t i v e  i s  e x p la in e d .  The two r e a c t i o n s  o c c u r re d  t o g e t ­
h e r  and th e  e a s i e r  t h e  f i r s t  so  th e  s m a l le r  th e  e x t e n t  of th e  
second . In  t h i s  r e s p e c t  th e  n a t u r e  o f  th e  c a rb o n y l  compound 
had  an in f lu e n c e ,  f o r  i f  R and R% h ad  a  s t e r i c  in f lu e n c e  on th e  
c a rb o n y l  group  th e n  a d d i t i o n  o f  Rg would be slowed down, t h u s  
i n c r e a s in g  th e  te n d en cy  t o  l o s e  o l e f i n .
O b je c t io n s  to  th e  HMgX h y p o th e s i s  w ere s t a r t e d  by
M eisenhelm er (1935)^  on th e  g ro u n d s  t h a t  a d d i t i o n  o f  w a te r  to  
>^Br
Ph® = 0 — M g^E t sh o u ld  g iv e  back  b en za ld e h y d e  r a t h e r  th a n
PhCH(OH)E t ,  He q u o te s  r e a c t i o n s  i n  w hich th e  o r i g i n a l  
r e a c t a n t s  were o b ta in e d  a t  th e  end  o f  th e  r e a c t i o n  b u t  t h e s e  
he sa y s  a re  t o  be e x p la in e d  by s p e c ia l  i n f lu e n c e s  ( s t e r i c  
h in d ra n c e )  which p r e v e n t  th e  fo rm a t io n  o f a  complex ( I I I )  
which he p o s t u l a t e s  a s  th e  a s t i v e  agen t in  G r ig n a rd  r e a c t i o n s .
16,
P h ® 0 - - - - -M g B rE t------------------P h ® , (OMgBr)Et ( I I I )
M eisenheim er d i s o u s s e s  h i s  f i n d i n g s  in  th e  r e a c t i o n s  o f  ben z­
a ldehyde  w ith  EtMgBr and isoBuMgBr. He h ad  found t h a t  th e  
p r o d u c t s  of r e a c t i o n  depended on t e m p e r a tu r e  t o  a  sm all e x t e n t ,  
on th e  s o lv e n t  to  a  g r e a t e r  e x t e n t ,  b u t  t o  th e  g r e a t e s t  e x t e n t  
on th e  t im e  o f  r e a c t i o n  and th e  r a t i o  o f  r e a c t a n t s ,  A good 
y i e l d  o f  seco n d ary  c a r b in o l  was o b ta in e d  i f  EtMgBr was u se d  i n  
e x c e s s ,  b u t a  l a r g e  amount o f  r e d u c t i o n  p r o d u c t  was o b ta in e d  
i f  t h e r e  was an e x c e s s  o f  b e n z a ld é h y d e ,  and a l s o  i f  benzene 
was u s e d  as  s o lv e n t .
The e x p la n a t io n  o f  th e s e  f i n d i n g s  was g iv e n  as  f o l lo w s :
The i n i t i a l  r e a c t i o n  p ro d u c t  ( I )  r a p i d l y  changes t o  ( I I )
( I )  ----- MgBr E t- - - e t h e r  PhCH(OMgBr) E t - — e t h e r  ( I I )
and a  c r y s t a l l i n e  p ro d u c t  i s  o b ta in e d  c o n s i s t i n g  m a in ly  of ( I I )  
and a  l i t t l e  ( I ) ,  I t  was p o s s i b l e  t h a t  ( I )  co u ld  b reak  down
to  PhCHg^OMgBr e t h e r  t- CHg —  ® g  b u t  a l th o u g h  t h i s  m igh t
ap p ly  t o  a  l a r g e  e x te n t  w ith  iagBuMgBr, in  t h e  case  o f  EtMgBr 
a  new r e a c t i o n  o c c u rs  w ith  t h e  e x c e s s  benw aldehyde;
PhCh (0 % B r)E t  4' PhCHO ----- > ?h,CO ,Et 4- P h ® g .O % B r,
C o n f irm a tio n  of such a  r e a c t i o n  was ta k e n  t o  be th e  i s o l a t i o n  
o f  p ro p io p h en o n e , a  f a c t  which h ad  a l s o  been  n o t i c e d  e a r l i e r  
by M a rsh a ll  (1914 ,1915) , and th e  in f lu e n c e  o f  s o lv e n t .  In
benzene , th e  fo rm a t io n  o f  th e  organo-raagnesium  com plex was 
b e l i e v e d  t o  be slow , r e s u l t i n g  in  a  g r e a t e r  e x c e s s  o f  benz­
aldehyde and th u s  an in c r e a s e d  d oub le  d e c o m p o s it io n  r e d u c t i o n  
r e a c t i o n .
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Gilman & P ic k e n s  (1925)^^  f i n a l l y  e e t a b l i ^ e d  c e r t a i n  
c a s e s  o f  r e d u c t io n  in  which t h e r e  cou ld  be no H f o r  making 
HMgX, They r e p e a te d  th e  work o f  F ran zen  and D ieb e l on 
azobenzene and EtMgl. Gilman and P ic k e n s  u se d  PhMgBr, o b ta in ­
ing  d ip h e n y l and h y d ra z o b e n z e n e ,  and co nc luded  t h a t  s in c e  no 
o l e f i n  was form ed t h e r e  c o u ld  n o t  have  been  any HMgX.
Support t o  th e  w orks of M eisenheim er and M a rsh a ll  was 
g iv e n  by t h a t  o f  Gcmiberg and c o -w o rk e rs .  T h is  work in v o lv e d  
th e  re d u c in g  a c t io n  o f  th e  system  Mg + %Xg, a t t r i b u t e d  by 
Gomberg t o  t h e  r a d i c a l  MgX.
Gomberg and Bachmann ( l9 2 7 ) l®  found  t h a t  th e  r e a c t i o n  
betw een  benzophenone, magnesium, and an a r y l  h a l i d e  p ro d u ced  
b e n z p in a c o l ,  and i t  was fo u n d  eRibsequently t h a t  t h i s  r e d u c t io n  
was in  no way due t o  th e  G rig n a rd  re a g e n t  i t s e l f .  I t  was 
p o s t u l a t e d  t h e r e f o r e  t h a t  t h e  f r e e  r a d i c a l  MgX was form ed
Mg f  M gXg 9  MgX
and t h a t  t h i s  u n i t e d  w ith  th e  oxygen atom of th e  0=0  g roup 
fo rm in g  a k e t y l  f r e e  r a d i c a l  RgCOlfel, The k e t o l a t e  r a d i c a l s  
were th e n  a b le  t o  d im e r ie e  t o  form  a  p i n a c o l a t e ,
I Rp^GOMgl
2 Ho.CO%I --------------------------- I
R g _ 0 0% I
Much e v id en ce  d e r iv e d  from th e  s tu d y  o f  th e  a c t i o n  o f  
Mg-f MgXg on k e to n e s  was s u p p l i e d  i n  su p p o r t  o f  t h i s  p o s t u l a t e .  
L a te r  p a p e r s  allowed th e  « g p p lica tion  o f  t h i s  mechanism to  th e  
a c t i o n  of Mg f  Mgig on d ik e to n e s  on a c id s  and e s t e r s ^
18.
on a r c ^ a t i c  h a lo g èn e  k e to n e s ^ ^ ,  and on a ldehyde
The p a p e r  on a ld eh y d e  r e d u c t i o n  ie  o f  p a r t i c u l a r  i n t e r e s t ,  
f o r  i t  l e d  l a t e r  t o  t h e  c o n c lu s io n  toy S hankland  and Gomberg 
(1930)18 t h a t  r e d u c t io n  toy G r ig n a rd  r e a g e n t s  i s  a  f u n c t io n  of 
th e  a d d i t i o n  p ro d u c t  and n o t o f  th e  G rig n a rd  r e a g e n t  i t s e l f ,  
( i . e . )  Gomberg and Bachmann fo u n d  t h a t  Mg + Mgig r e a c t e d  w ith  
b en za ld eh y d e  to  p ro d u ce  b e n z o in ,  b e n z y l  a l c o h o l ,  t e t r a p h e n y l -  
e r y t h r i t o l  and a  h ig h  M.wt. po lym er o f  th e  ) .a s t .  The 
e x p la n a t io n  of t h e s e  p r o d u c t s  was t h a t  th e  benza ldehyde  was 
f i r s t l y  red u ced  by Mgl t o  th e  io d o b e n z o in a te  ( l ) .
8 Ph.CHO +Mg +M gI. ------ > 2 Ph.CHOMgl
a
Ph.OH CH.Ph
I i (I)
OMgl OMgl
Some of t h e  b e n z o in a te  waa immédiat e ly  o x id la e d  by  more b e n z -
a ld e h y d e ,  th e  l a t t e r  b e in g  red u c e d  t o  b e n z y l  a lc o h o l
Ph. OH CH.Ph Ph.OH -  O .Ph
I I -f Ph.OHO I I PhOHp.0%1
OMgl OMgl OMgl 0
(II)
and th e  o x id i s e d  b e n z o in a te  ( I I )  was s u b s e q u e n t ly  re d u c e d  by
Mgl and d im e r is e d  t o  t e t r a p h e n y l e r y t h r i t o l .
Ph Ph Ph
Î I &
2 Ph.CH —  0 P h .c n —  0 —  C —  CH.Ph
I I  i l l !
OMgl OMgl OMgl OMgl OMgl 0 % I
T h is  work l e d  Shankland  and Gomberg to  th e  c o n a lu s io n  t h a t
r e d u c t io n  toy a ro m a tic  G r ig n a rd  r e a g e n t s  p ro c e e d s  as  f o l lo w s :
19.
RCt^O RlMfeX ------- > RCSH<0“ SX
Rl
RCH<°?®* + R C ^ °  — » R.C.Ri + RCHj.OMgX^  n l  ^  # H '*■ ^
^ 0
in v o lv in g  m ere ly  th e  t r a n s f e r  o f  ÎSgX and H from  one m o lecu le  
t o  a n o th e r .
Tlie e x p e r im e n ta l  e v id e n c e  f o r  t h i s  c o n c lu s io n  was g iv e n  
by th e  r e d u c t io n  o f  a  number o f  a ld e h y d es  and k e to n e s  by th e  
iodo-magneeium s a l t  o f  h y d ro b e n z o in .  The i n t e r a c t i o n  o f  an 
a ldehyde o r  k e to n e  w ith  t h i s  s a l t  r e s u l t e d  in  th e  fo rm a t io n  
o f  b e n z o in  and th e  red u ce d  a ldehyde  o r  k e to n e .
The r e s u l t s  g iv e n  by  Shank land  and Gdmberg a re  a s  con­
f i r m a t i o n  o f  th e  eanie e x p l a n a t io n s ,  g iv e n  by  M a rsh a ll  and 
M eisenhe im er, o f  th e  b e h a v io u r  of a ro m a t ic  k e to n e s  on ly  when 
an e x c e s s  o f  a ldehyde  was used ,.
When a l i p h a t i c  G r ig n a rd  r e a g e n t s  were u s e d ,  a s  Shankland 
and Gomberg fo u n d , r e d u c t i o n  was accom panied by th e  fo rm a t io n  
o f  s a t u r a t e d  o r  u n s a tu r a t e d  h y d ro c a rb o n s ,  o r  b o th .
Mechanisms in v o lv in g  r a d i c a l s .
Movement to w a rd s  th e  t h e o r i e s  o f  r e d u c t io n  by G rig n a rd  
r a d i c a l s  and io n s  began in  1928 when R h e in b o ld t  and K ir berg  
(1928) ^9 r e p o r t e d  t h e i r  i n v e s t i g a t i o n s  o f  th e  r e d u c t io n  o f  
azobenzene , F ra n zen  and D ieb e l h a d  r e p o r t e d  t h a t  r e a c t i o n  of 
azobenzene w ith  EtMgBr was accom panied by e v o l u t io n  o f  b u ta n e .  
R h e in b o ld t  and K irb e rg ,  how ever, r e p e a te d  t h e s e  e x p e r im e n ts
2Et
30,
and found  th e  e v o lv e d  g a s  c o n s i s t e d  o f  a  m ix tu re  o f  e th a n e  and 
e th y le n e  th e  compos i t  io n  of which was in d ep en d en t o f  t h e  
amount o f  EtMgBr u s e d .  They b e l i e v e d ,  t h e r e f o r e ,  t h a t  th e  
fo rm a t io n  o f  hy d razo b en zen e  o c c u r r e d  a t  th e  h y d r o l y s i s  s t a g e ,  
w h i l s t  t h e  fo rm a t io n  o f  gas  d u r in g  r e a c t i o n  was due t o  th e  
m utua l o x id a t io n  and r e d u c t io n  o f  t h e  G r ig n a rd  a lk y l  r a d i c a l ,
Ph.N;N,Ph 4- 8E t% B r — ^ Ph.NMgBr
i
Ph.NMgBr 
I 3HgO
Ph.HH.HS.Ph CgHg + CgH^
A r e a c t i o n  such a s  t h i s  sh o u ld  be in d ep en d en t o f  th e  G r ig n a rd  
r e a g e n t  u s e d  and a s  c o n f i r m a t io n  o f  t h i s  t h e  a u th o r s  r e p o r t e d  . 
t h a t  Me%X and Ph%X behaved  s i m i l a r l y  e x c e p t  t h a t  c o u p l in g  
o f  th e  r a d i c a l s  o ccu r  g iv in g  e th a n e  and d ip h e n y l ,  w h i l s t  th e  
u s e  of iso b u t v l  brom ide r e s u l t e d  i n  iaobu t y l e n e .  iso b u ta n e ,  
and d i> iso b u t v l .
Somewhat s i m i l a r  c o n c lu s io n s  were drawn by Gilman and 
F o thers: i l l  ( 1929) . A f te r  e x p e r im e n t in g  on th e  c o n s t i t u t i o n
o f  G rig n a rd  r e a g e n t s  th e y  a r r i v e d  a t th e  c o n c lu s io n  t h a t ,  
a l th o u g h  th e  c h i e f  c o n s t i t u e n t  o f  a G rig n a rd  r e a g e n t  was RMgX 
( e x i s t i n g  in  e q u i l ib r iu m  w ith  Rg.
SRMgX ^  R g%  4- 
in  some c a s e s  d i s s o c i a t i o n  may o ccu r  
RMgX B- -t- -  MgX
The e x i s t e n c e  o f  MgX was th e n  a s s o c i a t e d  w ith  th e
81.
fo rm a t io n  o f b e n z p in a c o l  from  th e  a c t i o n  o f G r ig n a rd  r e a g e n t s  
w ith  benzophenone. A t a b l e  o f  r e s u l t s  was g iv e n  showing th e  
v a r i a t i o n  in  y i e l d  of b e n z p in a c o l  w i th  t h e  n a tu r e  o f  th e  
G rig n a rd  r e a g e n t  and th e  c o n d i t io n  o f  u s e .  I t  would seem 
from e a r l i e r  rem arks  in  the  au th o rs*  p a p e r  t h a t  th e  v a r i a t i o n  
in  p in a c o l  y i e l d  i s  dde t o  th e  v a r i a t i o n  in  d i s s o c i a t i o n  and 
fo rm a t io n  o f MgX. No r e f e r e n c e  i s  made t o  th e  r e d u c in g  
c a p a b i l i t i e s  o f  th e  r a d i c a l  R.
G r ig n s rd Magnesium
Benzo­
phenone P in a c o l te r t -O H
(gm.mol) (gm, atom) Igm.mol) ( ^ y ie ld ) ( ^ y i e l d )
MeMgl 0 . 2 0 , 2 0 .4 0 ,057 27 ,9
MeMgl 0 .3 0 ,3 0 .3 3 .e 8 1 .3
EtMgCl . 0 .3 0 .3 0 .3 0 , 0 4 .5
n-BuMgl 0 ,3 0 .3 0 .3 1 0 . 0 3 6 .3
n-BuMgl 0 .3 0 .3 0 .3 1 7 .3 2 6 .1
n-BuMgl 0 . 8 - 0 , 0 0 .3 0 . 0 0 , 0
tert-BuM gCl 0 ,3 0 . 0 0 .3 0 , 0 0 , 0
PhMgBr 0 . 2 0 . 2 0 .4 0 . 0 3 6 .9
PhMgBr 0 .3 0 ,3 0 .3 Trace 7 9 ,3
PhCHaMgOl 0 .3 0 ,3 0 .3 0 , 0 8 5 ,2
PhCHgMgOl 0 .3 0 . 2 0 .4 0 ,7 5 9 .5  .
PhCHgMgBr 0 ,2 5 0 . 0 0 .3 5 0 , 0 5 1 ,0  '
PhgC.MgOl 0 .0 3 0 , 0 0 .0 4 3 2 2 , 0 7,8
PhgC.MgCl 0 .0 3 0 . 0 0 .0 4 3 3 1 .6 4 .3
B1icke and Powers (1989)21 , how ever. a l s o  ex p e r im e n tin g
on benzophenone, in c lu d e d  th e  r e d u c in g  c a p a b i l i t i e s  o f  th e
r a d i c a l  R. They found t h a t  w ith  benzophenone
l )  MeMgl gave no b en z h y d ro l
EtMgl gave l i t t l e  b en zh y d ro l
3 nPrMgl gave b e n z h y d ro l c o r re s p o n d in g  to  50^ of t h e  
k e to n e  even a t  0^ .
To acco u n t f o r  th e  fo rm a tio n  of b en z h y d ro l  th e y  su g g e s te d  
t h a t  t r i v a l e n t  ca rbon  r a d i c a l s  a r e  form ed a s  in te rm e d ia te
'A'
22,
r e a c t i o n  p ro d u c t s  and as t o  be e x p e c te d  o f  such r a d i c a l s  
undergo  e i t h e r  a d d i t i o n ,  m utual o x id a t io n  and r e d u c t io n ,  o r  
polymer i s a t  io n ,
R
= 0  t- R^MgX -----------> >G~OMgX 4-
^2 ^2
(1 ) (2)
Then
(a)  (1) and (2) may u n i t e  t o  g iv e  th e  t e r t i a r y  o a r b in o l
(b) th e y  may u n d erg o  m u tua l o x id a t io n  and r e d u c t io n  t o  g iv e
th e  secondary  o a r b in o l  and u n s a t u r a t e d  h y d ro ca rb o n
(c )  p o ly m e r i s a t io n  o f  ( l )  may g iv e  th e  p in a c o l  and o f  (2)
th e  h y d ro c a rb o n  R*-H*
(d )  two R* r a d i c a l s  may r e a c t  to  g iv e  s a t u r a t e d  and u n s a t ­
u r a t e d  h y d ro c a rb o n s .
They s t a t e  f i n a l l y ,  how ever, t h a t  in  a l l  c a s e s  i t  mey be 
p o s s i b l e  t h a t  m o le c u la r  a d d i t i o n  o c c u rs  f i r s t ,
N o l le r  (1931)^^  e x p la in e d  th e  w e l l  known r e d u c in g  power o f 
isoBuMgBr as  due to  th e  d i a l k y l  % ( isg B u )g . He i n v e s t i g a t e d  
th e  a c t i o n  o f  isoBuMgBr on benzophenone in  two ways (1) a s  th e  
o r d in a r y  G r ig n a rd  r e a g e n t ,  (2) a f t e r  th e  MgBrg h a d  been  p r e ­
c i p i t a t e d  by l : 4 - d i o x a n .  He found  t h a t  Mg(i8oBu ) o  s o l u t i o n  
gave a  64^ y i e l d  o f  b en z h y d ro l  and t h a t  th e  r e a c t i o n  p ro d u c t  
was s o lu b le  in  th e  e t h e r .  With th e  o r d in a r y  G r ig n a rd  s o l u t i o n ,  
how ever, a  y i e l d  o f  8 3 ,5 ^  b en z h y d ro l  was o b ta in e d  and d u r in g  
r e a c t i o n  a  cop ious  p r e c i p i t a t e  was form ed. T h i r d ly  th e  
a d d i t i o n  of anhydrous MgBrg t o  th e  s o l u t i o n  a f t e r  r e d u c t i o n  
by Mg(isoBu j g  gave a  co p io u s  p r e c i p i t a t e .
He concluded  t h a t  r e d u c t io n  i s  p o s s i b l e  by Mg(i 80Bu )o
23.
a lo n e  to  g iv e  an e t h e r  s o lu b le  p ro d u c t  PhgOHO. %OCHPhg, b u t 
t h a t  when th e  o r d in a r y  G rig n a rd  r e a g e n t  i s  u se d  r e d u c t io n  i s  
caused  by th e  G rig n a rd  re a g e n t  o n ly  even though th e  s o l u t i o n  
may c o n s i s t  o f  75^ Mg(isoBu ) o .  The r e d u c t io n  p ro d u c t  in  t h i s  
ca se  i s  i n s o lu b le  in  e t h e r  and by d e t e r m in a t io n  o f  th e  b en z­
h y d ro l  : b a s i c  h y d ro x y l group and b en zh y d ro l : h a l i d e  r a t i o s  
a f t e r  th e  d eco m p o s it io n  of t h e  p r e c i p i t a t e  by w a te r  he con­
c lu d ed  t h a t  th e  fo rm u la  o f  t h e  p r e c i p i t a t e  was (P h )2 .CfiO%Br.
In  d i s c u s s in g  t h i s  e v id e n c e ,  N o l le r  r e f e r s  t o  th e  work 
o f  S chlenk  and Schlenk (1929)23 , which ev id en ce  was g iv e n  
f o r  th e  e x i s t e n c e  o f  th e  e q u i l ib r iu m
8 RMgX RgMg 4- MgXg
He say s  he  canno t see why in  th e  case  o f  IsoBuMgBr which 
^ p e a r s  t o  e x i s t  in  th e  form Mg(isoBu )p  t o  an e x te n t  o f  75jb 
t h e r e  sh o u ld  be th e  r a p i d  s h i f t  t o  th e  RMgX form d u r in g  r e ­
d u c t io n  when b o th  RMgX and R^Mg cause  r e d u c t io n .  Schlenk and 
Schlenk in d ic a t e d  t h a t  th e  r a t e  o f  a t t a i n i n g  e q u i l ib r iu m  v a r i e s ,  
w ith  th e  G rig n a rd  r e a g e n t .  N o l le r  sa y s  f i n a l l y ,  t h e r e f o r e ,  
t h a t  th e  r e a c t i o n s  he h a s  r e p o r t e d  a re  b e s t  e x p la in e d  by 
assuming th e  e q u i l ib r iu m  in  s o l u t i o n  '
RgMg.MgXg RgMg 4- MgXg
and t h a t  no iaobutylM gBr e x i s t s  in  s o l u t i o n .  The p r e c i p i t a t e  
from  th e  benzophenone r e a c t i o n  would th e n  have th e  fo rm u la  
(PhgCHO)gMg.MgBrp s in c e  r e a c t i o n s  in v o lv in g  th e  s im ple  f o r ­
24.
mat io n  o f  a d d i t i o n  p r o d u c t s  would be e x p e c te d  t o  t a k e  p l a c e  
more r a p i d l y  th a n  m e t a t h e t i c a l  r e a c t i o n s  in  a  s l i g h t l y  
i o n i z in g  so lv e n t  such an anhydrous e t h e r .  W ith  such a  
fo rm u la  o n ly  MgRg would be r e s p o n s i b l e  f o r  r e d u c t i o n .
25 .
GOTOEHSAYIOH AND ENOLISATION 
I t  i s  r a t h e r  rem a rk a b le  t h a t  i n  th e  t im e  w hich  h a s  e la p s e d  
s in c e  th e  f i r s t  d e f i n i t e  r e c o g n i t i o n  o f  c o n d e n s a t io n  o f  a 
c a rb o n y l  compound by a G r ig n a rd  r e a g e n t ,  no i n t e n s i v e  i n v e s t ­
i g a t i o n  o f  th e  phenomen h a s  been  u n d e r ta k e n .  C o n d e n sa t io n  and 
r e d u c t io n  w ere b o th  r e p o r t e d  f o r  th e  f i r s t  tim e by g r ig n a r d  
h im s e l f  i n  h i s  f i r s t  p a p e r  (1901)^  on th e  g r ig n a r d  r e a c t i o n .
The d i f f e r e n c e  betw een  th e .  a t t e n t i o n  w hich  h a s  s in c e  been  g iv e n  
to  r e d u c t io n  and th e  a t t e n t i o n  w hich h a s  been  g iv e n  to  conden-‘ i.- °  . . . .
s a t i o n  i s  c o n s i d e r a b l e ,  g r i g n a r d . c h e m is t ry  began  t o  d i s p l a c e  
th e  u s e  and im p o r ta n c e  o f  o rg a n o z in c  compounds as  s y n t h e t i c  
r e a g e n t s ,  and i n  h i s  f i r s t  p a p e r  g r ig n a r d  says* **an ad v a n tag e  
w hich th e  u s e  o f  organomagnesium h a l i d e s  h a s  o v e r  th e  u s e  o f  
o rg a n o z in c  coHQ)Ounds i s  t h a t  w i th  t h e  fo rm er se co n d a ry  r e a c t i o n s  
a re  l e s s  im p o r ta n t .  R e a c t io n s  w i th  k e to n e s  o f  t h e  ty p e  R.CO.CH^ 
a r e  p o s s i b l e ,  w hereas  i n  th e  S a y t z e f f  r e a c t i o n ,  w i th  t h e  ex­
c e p t io n  o f  a l l y l  m e th y l k e t o n e s ,  c o n d e n s a t io n  o r  no r e a c t i o n  
o c c u r s . ” I t  i s  i n  t h i s  p a p e r  t h a t  he  r e c o r d s  t h e  a c t i o n  o f  
ieoamyliaagnesium brom ide on a c e to n e  as  g iv in g  a  46JÈ y i e l d  o f  
th e  e x p e c te d  c a r b l n o l  w i th  sm a ll  amounts o f  m e s i ty l  o x id e  and 
p h o ro n e .
CH5 .GO.CH3  4- isoAiaylMgBr
.OH
(GRg)2C(
^isoAm
C OH3  ) GH # GO * GHg +
( CHg) gO-CH. CO. CBaC (OHg)g
26.
The n e x t  r e p o r t  o f  c o n d e n s a t io n  i s  g iv e n  by F ran ek e  and 
Kohn (1904)^^ and on t h i s  o c c a s io n  i t  i s  th e  c o n d e n s a t io n  o f  
an a ld e h y d e .  F ra n  eke and Kohn fo u n d  t h a t  th e  a c t i o n  o f  
MeMgBr oa cW iydroxymethyl iso b u ty ra ld é h y d e  gave o n ly  an h y d ro -  
x y p i v a l i c  e s t e r .
— c : T ----------  cH oC O pC :^  ^
0%  i 0 CHr. I ^ I CH3
CHgOH GHgC® CHgOH
There th e n  seems to  have been  a  gap u n t i l  1909, when 
C arre  (1909)23^ i n v e s t i g a t i n g  th e  a c t i o n  o f  t h e  t h r e e  x y ly l  
magnesium brom ides on c a rb o n y l compounds found  t h a t  w hereas 
nwzylylMgBr and a c e to n e  gave th e  e x p e c te d  t e r t i a r y  o a r b in o l ,  
th e  i n t e r a c t i o n  of o-xylylM gB r gave o n ly  a  sm all amount o f  th e  
e x p e c te d  t e r t i a r y  o a r b in o l  b u t  a  l a r g e  am ounts o f  p o lym er­
i s a t i o n  p r o d u c t s  c o n s i s t i n g  c h i e f l y  o f  phorone .
The A lc o h o la te  T h e o r ie s
R e s f ^ c h  in to  c a rb o n y l co n d en sâ t io n ,  how ever, seems n o t  
to  have begun u n t i l  1923, and in  t h i s  y e a r  t h e r e  began  what 
one might te rm  t h e  a l c o h c l a t e  t h e o r i e s .  The c o n d e n s a t io n  
o f  a ld eh y d es  by alum inium  a lc o h o l  a t  e s  h ad  b een  d is c o v e re d  in  
1906 by T istchenko^G , who found t h a t  th e  p ro d u c t  o f  i n t e r a c t i o n
37.
o f  an a ld eh y d e  and alum inium  a lc o h o l  a t e *  in c lu d e d  (1) th e  
a l d o l  ( 2 ) th e  e s t e r  from  two m o le c u le s  o f  a ldehyde ( 3 ) th e  
e s t e r  from  one m olecu le  o f  a l d ^ y d e  and one m o lecu le  o f  a l d o l .
JR
(1 )  2 RCHaCHO -------- ,  RCHaCHCOH) CHC
^GHO
(2) 2 RCHgCmO  » RCH2CH3CO3CH3R
/R
( 3 ) RGH30H(0a) 4- ROIgCHO —  RGH2 CH(0H)CHC0 gCH3CSf’R
G rig n a rd  and D ub iens  (1923)^^  dressr an an a lo g y  be tw een  
c o n d e n sa t io n  by G rig n a rd  r e a g e n t s  and th e  T is tc h e n k o  conden­
s a t i o n s ,  which Was s u f f i c i e n t  a t  t h a t  t im e  t o  l e a d  t o  a  good 
d e a l  of work on a lo o h o la t e  c o n d e n s a t io n .  A ccord ing  to  
G r ig n a rd ,  th e  i n i t i a l  r e a c t i o n  be tw een  a  G r ig n a rd  r e a g e n t  and 
a  c a rb o n y l  compound i s  n o rm ally  th e  f o rm a t io n  o f  an  a l o o h o la t e .  
i . e .  i f  a c e to n e  and MeMgBr were th e  r e a c t a n t s  th e  a lo o h o la te  
f i r s t  formed would be magnesium bromo- t e r t - b u t y l a t e
OMgBr
( 0 5 3 ) 3 0
'^CHg
T iie re fo re ,  s a id  G r ig n a rd  and Dub l e n s ,  i t  would seem t h a t  in  th e  
c a se  of c o n d e n s a t io n  by a  G rig n a rd  r e a g e n t  c o n d e n s a t io n  i s  n o t  
cm ised by th e  G rig n a rd  re a g e n t  i t s e l f  b u t  by th e  a lo o h o la t e  
formed a s  th e  f i r s t  s ta g e  of th e  G r ig n a rd  r e a c t i o n .  With t h i s
« A lthough th e  te rm  a lo o h o la t e  i s  b e t t e r  r e p la c e d  by th e  te rm  
a lk o x id e ,  th e  p r e s e n t  w r i t e r  p ro p o se s  to  r e t a i n  th e  te rm  
a lo o h o la te  in  v ie w  o f  i t s  h i s t o r i c a l  s i g n i f i c a n c e  in  G rig ­
n a rd  c h e m is t ry .  The samie a p p l i e s  t o  th e  te rm s  e n o la t e  and 
k e t o l a t e  f u r t h e r  on in  th e  t e x t .
28.
in  mind th e y  i n v e s t i g a t e d  th e  a c t i o n  o f  EtOMgl on b u t y r ­
a ld é h y d e ,  and on a c e to n e .  I n t e r a c t i o n  o f  EtOMgl and b u ty ­
ra ld é h y d e  gave them e t h y l  b u t y r a t e ,  b u ty l  b u t y r a t e ,  d ib u t y -  
r a ld e h y d e ,  and a  h ig h  b o i l i n g  r e s id u e  which was th o u g h t  t o  
c o n s i s t  o f  po lym ers  o f  d ib u ty r a ld e h y d e .  The e x p l a n a t io n  o f
t h i s  r e s u l t  was t h a t  th e  EtOMgl cau sed  th e  c o n d e n s a t io n  o f th e  
aldehyde to  t h e  a l d o l .  At t h e  same t im e  th e r e  was a  slow 
c a t a l y s e d  T is tc h e n k o  r e a c t i o n  g iv in g  b u ty l  b u t y r a t e .  F i n a l l y  
th e  b u ty l  b u ty r a t e  and EtOMgl underw en t doub le  d ec o m p o s it io n ,  
fo rm ing  e t h y l  b u t y r a t e  and BuOMgl,
EtCHgOOgOHgOHgEt f- EtOM gl -----^ EtOHgOOgEt O^HgOMgl
The a u th o r s  say t h a t  a p p a re n t ly  th e  b u ty l  a lc o h o l  whidti sh o u ld  
be o b ta in e d  a f t e r  th e  f i n a l  h y d r o l y s i s  i s  l o s t  i n  t h e  washing 
p r o c e s s e s .
The i n t e r a c t i o n  o f  EtOMgl and a c e to n e  gave o n ly  d ia o e to n e  
a lc o h o l  and i t  was s a id  t h a t  c o n d e n s a t io n  h e r e  was in co m p le te  
owing to  e q u i l i b r i a  e x i s t i n g  betw een  th e  co n d en sin g  compounds.
As f u r t h e r  e v id en ce  t h a t  i t  i s  th e  a lo o h o la t e  o f  th e  
G rig n a rd  r e a c t i o n  ;/h ich  c a u se s  c o n d e n s a t io n  th e  a u th o r s  p r e ­
p a re d  t h e  a lo o h o la te  which would be p ro d u ced  by th e  i n t e r a c t i o n  
of MeMgl and b u ty l  ide  ne a c e to n e  ( i . e . )  th e  iodomagnesium s a l t  
of d im ethyl-t< -.pentene o a r b in o l :
^OMgBr 
CH_CHoCHpCH =  OR. C:T
^ ( 0 ^ 3 ) 2
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They oondentdd  t h i s  # i t h  b u ty i i d s n e s o s to n e  and  o b ta in e d  th e  
aonpouad
CHsCHgCas® — CM .0 •— CH. CO. CHaCSaCMs
CH3
T h la  work was o o n t im e d  by  G r t o a r d  miâ F luo îtia lre  (1 9 2 4 )  ^  
Theme m xthore  re o o rd ed  th e  c o n d e n s a t io n  o f  a ld e h y d e s  and 
ke! o n es  by h à lo g en o  m agnaabm  e lo o h o lm te a .  T h is  p a p e r  however 
m a in ly  r e c a l l  a t h e  work o f  G r ig n a rd  and % b le n $ ,  and ad d s  o n ly  
t h a t  k t o l a  were o b ta in e d  from  m e th y l e t h y l  k e to n e ,  « e t h y l  
p ro p y l  k e to n e ,  ?md d i e t h y l  k e to n e .  In  a second s h o r t  p a p e r  
( 1 9 2 6 ) ^  th e y  s t a t e  t h a t  k e to n e  c o n d e n s a t io n  I s  d ieo k ed  a f t e r  
a  w h ile  by th e  c o n d e n s a t io n  p r o d u c t s ,  ( i . e ^ )  th e  k a t o l s  form ed 
decompose th e  a lo o h o la t e # ,  and th e  magnes lum halogeno-ke t o i  a t e  a 
form ed in  th e  d e c o m p o s i t io n  a re  e i t h e r  i n a c t i v e  o r  o h ly  s l i g h t l y  
a c t i v e ,  f h a t  p r e c i s e l y  i s  meant by th e  a c t i v i t y  i s  n o t c l e a r .  
They say in  th e  ca se  o f  a c e to n e  th e  t r i m o l s c u l a r  k e to g ly c o l .« te  
form ed i e  a c t i v e :
IZjGO CHçCOCHaCOCr^
C H a '^  I l ^ C H g
%% MgX
They r e c o r d  th e  k e t o l s  o f  m e thy l iso b u t v l . m t h y l  n -m ay l, and 
d ip ro p y l  k e to n e s ,  m d  o f  e th y l id e n e  and p r o p y l id s n e  a c e to n e ,
A more d e t a i l e d  i n v e s t  ig  a t  i n  wa : r e p o r t s u  in  tixe t h i r d  
p ^ ^ e r  by G r ig n a rd  mid F lu c h a i r e  ( l 9  B) ^^, Expi r im e n t s  on
th e  c o n d e n s a t io n  of a ld eh y d es  and k e t o m e  by magne^rilum h a lo g è n e  
a lc o h o l  a t  e s  were c a r r i e d  o u t ,  and th e  r e l a t i v e  c o n d e n a ir^
30,
a c t i j n  o f  a ever a l  a l c o h o l a t e s  was i n v e s t i g a t e d .  They 
o b se rv e d  t h a t  as f a r  a s  a ld eh y d e s  were conoerned  some o f th e  
a ldehyde form ed th e  a l d o l ,  some form ed th e  e s t e r ,  and some 
r e a c t e d  w ith  th e  a ld o l  to  form a  more complex e a t e r .  Of 
th e  k e to n e s  u sed  th e y  found t h a t  th o s e  p o s s e s s in g  th e  g ro u p in g  
-CO.CH3 showed th e  g re a . te s t  ten d en cy  to  condense, b u t  i t  was 
p o s s i b l e  to  condense k e to n e s  w ith  two p o ly o a rb o n  g ro u p s  such 
as  in  d ip ro p y l  k e to n e .  The in f lu e n c e  of t h e  a lc o h o l  r a d i c a l  
was summarised as in  th e  f o l lo w in g  t a b l e :
^îcondp oondÇ
MeOMgl 18 MeOMgCl 5
EtOMgl 20 '
PrOMgl 78
BuOMgl 80 BuOMgCl 65
isoAmOMgl 84
PhCHOMgl 81
C ondensa tion  ap p e a red  t o  in c r e a s e  s l i g h t l y  w ith  th e  m o le c u la r  
w eight o f t h e  a lc o h o l  and was s a i d  t o  be of th e  sanie o rd e r  f o r  
a lc o h o ls  o f  th e  same s i z e .  The sm all y i e l d  from MeOMgl and 
EtOMgl was a t t r i b u t e d  t o  th e  sm all s o l u b i l i t y  o f  th e  a lco h o ­
l a t e s ,  I t  i s  o n ly  w ith  PrOMgl t h a t  s o l u b i l i t y  becomes a p p re c ­
i a b l e ,  They conc luded  t h a t  in  g e n e ra l  t h e  a l c o h o l a t e s  of th e
p r im ary  a l c o h o ls  cause  s l i g h t l y  more c o n d e n s a t io n  th a n  th e  
a l c o h o l a t e s  of t h e  c o r re sp o n d in g  seco n d ary  and t e r t i a r y  a l c o h o l s .  
The mechanism by  which c o n d e n sa t io n  was b e l i e v e d  to  o ccu r was
31.
p r e s e n te d  a s  f o l lo w s :
A h e m ia o e ta l  a d d i t i o n  complex i s  form ed betw een  th e  
c a rb o n y l  compound and t h e  h a lo g è n e  a l o o h o la t e :
OMgBr
RCH0 4- O^RgOMgBr ------------> RCH
OC^Hg
The h e ra ia c e ta l  can r e a c t  in  s e v e r a l  ways:
( l )  w ith  i t s e l f ;  t h i s  was te rm ed  a  G anniz2a rc - T is tc h e n k o  
r e a c t i o n .
(2) With a  second molecule o f  the carbonyl compound; t h is  
i s  a ld o lisa t io n  or k e to lisa t io n ,
KCHi GH S C H C H O ----------- >  R,CH, 0 4 .  C H  C H O  +  i ’ii.H.jOH
 '--------
That th e  c a t a l y s t  i s  n o t r e g e n e r a t e d  h e re  was s a i d  t o  be due 
t o  th e  g r e a t e r  a c i d i t y  o f  th e  a l d o l  o r  k e t o l  compared w ith  
t h a t  of th e  C^HgOH, T h is  r e a c t i o n  was t h e r e f o r e  s a i d  t o  be 
l i m i t e d .  Both r e a c t i o n s  ( l )  and (2) o c c u r  w ith  a ld e h y d e s  b u t  
in  th e  c a se  o f  k e to n e s  on ly  r e a c t i o n  (2) o c c u r s .  The a d d i t i o n  
complex was u se d  to  e x p l a in  é n o l i s a t i o n  of k e to n e s  t o o ,  ( i . e . )  
an in t r a m o le c u la r  e l i m i n a t i o n  o c c u rs :
R e c o g n i t io n  o f  é n o l i s a t i o n  was a l r e a d y  w ell e s t a b l i s h e d  
#hen G rig n a rd  and Savard  (1927) c a r r i e d  o u t a  s y s t e m a t ic
32,
i n v e s t i g a t i o n  o f  th e  é n o l i s a t i o n  o f  p u le g o n e .  T h e i r  i n v e s t i ­
g a t i o n  in c lu d e d  th e  a c t i o n  of a  s e r i e s  o f  G r ig n a rd  r e a g e n t s  on 
th e  k e to n e .  I t  was found t h a t  in  a l l  c a s e s  th e  y i e l d  of 
o a r b in o l  was m ed io c re ,  n e a r l y  a l l  t h e  p u leg o n e  b e in g  r e c o v e re d ,  
e x c e p t  in  th o s e  c a s e s  in  ,?hich c o n d e n s a t io n  o c c u r r e d ,  which 
Was a t t r i b u t e d  t o  th e  in f lu e n c e  o f  t h e  i n i t i a l  s ta g e  a l o o h o la t e .  
S in ce  th e  e x te n t  o f k e to n e  r e c o v e ry  v a r i e d  w ith  t h e  G r ig n a rd  
re a g e n t  u se d  and th e  c o n d i t io n s  o f  r e a c t i o n ,  th e  b e h a v io u r  
co u ld  n o t  be a t t r i b u t e d  to  th e  r e a c t i v i t y  o f  th e  e n o l i c  form  
o f  th e  k e to n e  b u t t o  th e  e n o l i s i n g  a c t i o n  o f  th e  G rig n a rd  
r e a g e n t .  A nother f a c t o r  in  fa v o u r  o f  t h i s  o p in io n  was t h a t  
p u le g o n e  was found n o t  to  r e a c t  a s  an en o l w i th  o r g a n o - z in c  
compounds.
E n o l i s a t i o n  was e x p la in e d  by  th e  f o rm a t io n  o f  an oxonium 
complex and i t s  a b i l i t y  t o  decompose in  tvfo ways; ( i . e . )  in  
norm al a d d i t i o n  th e  H g roup  in  t h e  complex
m ig ra te s  t o  th e  C atom o f th e  c a rb o n y l  g ro u p , b u t in  é n o l i ­
s a t io n  i t  e x t r a c t s  a  hydrogen  atom from  t h e  CH^R g ro u p in g ,  
g iv in g  th e  h y d ro ca rb o n  HH and th e  e n o la t e
^2
The r e a c t i o n  o c c u r r in g  in  any case  was s a id  to  depend on  th e  
o p e r a t in g  c o n d i t io n s ,  t h e  n a tu r e  of th e  G r ig n a rd  r e s g e n t ,  and 
t h a t  o f  th e  k e to n e ,  w hich v a r y  th e  s t a b i l i t y  of th e  complex and 
t h e  r e l a t i v e  speeds o f  th e  two r e a c t i o n s .
33,
The e x te n t  o f  é n o l i s a t i o n  caused  by th e  G rig n a rd  r e a g e n t s  
u sed  I s  g iv e n  below : ( F ig u re s  i n d i c a t e  jo é n o l i s a t i o n  by
RMgX)
R RM^Cl
Me
Et 50
n -P r  
n-BÜ 
n-Am 
is o P r  
ieoBu 
segBu 
t e r t B u  
i a o t e
B enzyl
and i t  was conoluded from  th e s e  r e s u l t s  t h a t  ( l )  é n o l i s a t i o n  o f 
p u leg o n e  d im in is h e s  w i th  i n c r e a s in g  a to m ic  w eig h t o f  th e  
G rig n a rd  h a lo g e n  (3) é n o l i s a t i o n  i n c r e a s e s  w i th  in c r e a s in g  
r e a c t i o n  te m p e ra tu re  (3) c o n c e n t r a t io n  does n o t  in f lu e n c e  
é n o l i s a t i o n  b u t  c o n d e n s a t io n  d im in is h e s  w ith  d i l u t i o n .
RMsBr R t e l
33 36
47 * 40
56 45
59 45
60 47
100 73
54 40
100
100
73 -
41 35
44 39
INFLUENCE OF COMPLEXITY & 3TERXC HINDRANCE
The in f lu e n c e  o f  th e  c o m p lex ity  of t h e  g ro u p s  c o n s t i t u t i n g  
th e  r e a c t a n t s  in  a  G r ig n a rd  r e a c t i o n  was f i r s t  s t r e s s e d  and 
o r i t i o a l l y  i n v e s t i g a t e d  by Conant & B l a t t  (1 9 2 ^ ® . % l e  
p ap e r  seems t o  be t h e  t u r n i n g  p o in t  in  th e  aim to  which 
r e s e a r c h  in to  th e  mechanisms of G r ig n a rd  r e a c t i o n s  was d ev o ted . 
For a l th o u g h  a  mechanism o f  r e a c t i o n  i s  no t p ro p o sed  in  t h i s
34.
p a p e r ,  th e  way in  w h id i th e  resuClts of a  number of p a r t i c u l a r  
r e a c t i o n s  i s  p r e s e n te d ,  r-nd in d e e d ,  th e  -vay th e  r e a c t i o n s  f o r  
d i s c u s s io n  were chosen , i n d i c a t e s  t h a t  a r e l a t i o n s h i p  was 
b e l i e v e d  to  e x i s t  be tw een  th e  p r o d u c t s  o f  r e a c t i o n  and th e  
s t r u c t u r e  of th e  r e a c t a n t s .  The work o f  Conant and B l a t t  
a ro s e  from  th e  d i f f i c u l t i e s  e n c o u n te re d  i n  a t te m p t in g  to  
s y n th e s i s e  complex t e r t i a r y  a l c o h o l s .  They d e s i r e d  to  p r e p a r e  
he x a - a l k y l  e th a n e s  as i n d i c a t e d  below :
g \  l \ \  1 \ \
R ^
Where R was a seco n d ary  o r  t e r t i a r y  g roup  how ever th e  s ta g e
R^C.OH was n ev e r  r e a c h e d  f o r  i t  was found  t h a t  when h ig h ly
«
b ran ch ed  compounds were u sed  th e  norm al G r ig n a rd  r e a c t i o n  
c e a se d  to  be th e  main r e a c t i o n ,  so much so, t h a t  ^hen a l l  t h r e e  
r a d i c a l s  of a  p ro p o se d  t e r t i a r y  a lc o h o l  were e i t h e r  secondary  
o r  t e r t i a r y  no normal r e a c t i o n  o c c u r re d ,  . Conant and B l a t t  
t h e r e f o r e  t a b u l a t e d  as below t h e i r  own r s B u l t s  w i th  r e s u l t s  
which had  a l r e a d y  been r e p o r t e d  by o th e r  w orker a.
In  t h i s  t a b l e  A E R and C r e f e r  t o  norm al a d d i t i o n ,  éno­
l i s a t i o n ,  r e d u c t io n ,  and c o n d e n sa t io n .  Where th e  y i e l d  o f  a  
p a r t i c u l a r  p ro d u c t  exceeded  50ji t h i s  i s  i n d i c a t e d  by d o u b lin g  
th e  l e t t e r  i n d i c a t i v e  o f  th e  ty p e  o f  r e a c t i o n  by ^/hioh th e  
p ro d u c t  was o b ta in e d .  The r e s u l t s  which were t a k e n  from  
p a p e r s  by o th e r  w orkers  a r e  so in d i c a t e d .
MeMæl n-PrM^Br i s o P r te B r  n -B u ' t e r tB u
Mr^Br Ma’Br
CH^)2GH0  AA a A AA “
(CH3)aCH,CH0 A b AA m
(CH3)3C.OT0 AA d RA d RRdd
CH..,,C0.CH3 AA a  AA e A b
CHsCHg.CO.CHsCH'î AA g AA g AA C
C3H3.00.CH(CH3)2 AA g AAR g
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OT3)2CH.C0.CS(CH'^)2
,CH3 ) gCH. COsEt
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R
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no r e a o t i o n
(a )  G rig n a rd  (A .c h .p h y s .  1901 (T ) ',§ 4 ,464 ) (d) Z i e g l . r  (Ann. 1924 ,
437 .244)
(b) P ic k a rd  & Kenvon( J . C . 3 .1 9 1 2 .1 0 1 .638) (e )  H e n ry (B l .S o c .ro y .
b e l g , 1 9 0 6 ,352 )
(o )  Conant e t  a l  ( J .A .C ,S .1 9 2 9 ,5 1 ,1 3 4 6 )  ( f )  S ta s (B l  .S o c .ch im .
b e l g . 1 9 2 6 .3 5 .3 7 9 )
From th e s e  r e s u l t s  Conant and B l a t t  drew th e  f o l lo w in g
c o n c lu s io n s :  ( l )  which of th e  f o u r  m a jo r  r e a c t i o n s  r e s u l t i n g
from th e  i n t e r a c t i o n  o f  a  G rig n a rd  r e a g e n t  and a  c a rb o n y l
compound w i l l  o c c u r  in  a  g iv e n  case  depends on th e  n a tu r e  o f  th e
g ro u p s  in  b o th  th e  G rig n a rd  r e a g e n t  and th e  c a rb o n y l confound.
A lthough th e  a d d i t i o n  r e a c t i o n  seems t o  p red o m in a te  in  r e a c t i o n s
in v o lv in g  p r im ary  g ro u p s ,  c o m p l ic a t io n s  a r i s e  when b ran ch e d
a l k y l  g ro u p s  a r e  p r e s e n t  in  e i t h e r  o r  b o th  o f  t h e  r e a c t a n t s ,
(2) t e r t i a r y  a l c o h o l s  c o n ta in in g  more th a n  two seco n d ary  o r 
t e r t i a r y  g ro u p s  canno t be p r e p a r e d ,  E .g ,
iaobu ty ro n e  4- isoP rMæBr 80^ y i e l d  o f
(CHj^)aCH,C0.CH(CH3)2 CH(OH) ,CH(CH3)8
ia o b u tyro n e  -h t e r t B u%C1
( 3 ) th e  amount o f  r e d u c t io n  p r o d u c t  i n c r e a s e s  n o t  o n ly  w ith  
th e  s i z e  o f  th e  a lk y l  group in  th e  G r ig n a rd  r e a g e n t  b u t  a l s o  
w ith  i t s  co m p lex ity ,
MeMgl ii-Pri%Bx n-BuMgCl tertBuMgCl 
0 20p in a c o lo n e  
iso  bu t  v r  one
30
13 80
r e d u c t io n
#
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( 4 ) th e  amount of r e d u c t io n  s i m i l a r l y  i n c r e a s e s  w ith  th e  s iz e  
and com plex ity  of th e  g ro u p s  in  th e  c a rb o n y l  e x p o u n d .
E t .  CO.It {CK3)2CR,C0,CH(CH02 (GH3 ) 3 0 . CO. CH3
n-BuMgBr 0 13 30 re d n .
( 5) é n o l i s a t i o n  and r e d u c t io n  w ould ap p ea r  t o  be l i m i t e d  to  
th o s e  k e to n e s  which c o n ta in  a  OR3 g roup  o r  a  CHg group a d ja c e n t  
t o  th e  c a rb o n y l g roup ,
( a p a r t  from th e  c o n s id e r a b le  c o n d e n s a t io n  o r  p h e n y l a c e t i c
e s t e r  EtoMgër 4 ^
th e y  d id  n o t  i s o l a t e  or i d e n t i f y  any o th e r  c o n d e n sa t io n  p r o d u c t ,  
b u t  c o n s id e re d  h ig h  b o i l i n g  p r o d u c t s  u n d e r  t h i s  name)
(6 )  any d i s c u s s io n  o f  mechanism m ust l a r g e l y  be a r e s ta te m e n t  
o f  e x p e r im e n ta l  f a c t s .  I t  seemed however t h a t  t h e  most s a t i s ­
f a c t o r y  way o f  i n t e r p r e t i n g  G r ig n a rd  r é a c t i o n s  was as  fo l lo w s :  
The A r e a c t i o n  d e c r e a s e s  w ith  i n c r e a s in g  s i z e  of th e  g ro u p s  
and t h e i r  c o m p le x i ty .  When th e  A r e a c t i o n  i s  s u f f i c i e n t l y  
slowed down, o th e r  r e a c t i o n s  n o rm a lly  to o  alow to  be o b se rv e d  
and which a re  l e e s  s u b je c t  t o  s t e r i c  h in d ra n c e  become predom­
in a n t .  When h in d ra n c e  to  A i s  g r e a t  and th e  s t r u c t u r e  of th e  
k e to n e  can n o t l e a d  t o  R and E th e n  no r e a c t i o n  o c c u r s .
G rig n a rd  & Blanch on (1331) t r i e d  t o  e s t a b l i s h  a  
r e l a t i o n s h i p  betw een th e  c o n s t i t u t i o n  o f  a  k e to n e ,  th e  e x te n t  
o f  t s  é n o l i s a t i o n  by a  G rig n a rd  r e a g e n t ,  and th e  s t a b i l i t y  
of th e  e n o l . -  A lthough a  r e l a t i o n s h i p  c o u ld  n o t  be e s t a b l i s h e d
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some im p o r ta n t  c o n c lu s io n s  were drawn.
The e x t e n t  of é n o l i s a t i o n  was m easured  by t h e  volume of 
s a t u r a t e d  g as  l i b e r a t e d  d u r in g  th e  r e a c t i o n ,  w h i l s t  t h e  s t a b i l i t y  
o f  an en o l was m easured by  i s o l a t i n g  th e  e n o l  a s  th e  a c e t a t e ,  
h y d r o ly s in g  w ith  o x a l i c  a c id ,  and th e n -m e a su r in g  th e  p e rc e n ta g e  
en o l in  th e  k e t o - e n o l  m ix tu re  o b ta in e d .  The e n o l  a c e t a t e  wad 
o b ta in e d  by ad d in g  a c e ty l  c h l o r id e  t o  th e  G r ig n a rd -k e to n e  
r e a c t i o n  m ix tu re .
The measurement of s a t u r a t e d  g sa  was n o t  b e l i e v e d  to  
i n d i c a t e  t h e  f u l l  e x t e n t  of é n o l i s a t i o n  in  ev e ry  c a s e ,  s in c e  , 
th e y  found in  c e r t a i n  c a s e s  t h a t  th e  e v o l u t i o n  o f  g a s  vas slow 
and o c c u p ie d  s e v e r a l  h o u r s .  E .g .  w ith  menthone a l th o u g h  e v o l ­
u t i o n  s t a r t e d  im m ed ia te ly  i t  c o n t in u e d  f o r  o v e r  two h o u r s ,  and 
w ith  b u t  yr one g as  was ev o lv ed  f o r  0 .7 5  h o u r .  ( I n  t h i s  r e s p e c t  
i t  sh o u ld  be n o te d  t h a t  t h e  G r ig n a rd  re a g e n t  was added in  
e x c e s s  and in  b u lk  t o  an  e t h e r e a l  s o l u t i o n  o f  th e  k e to n e )  Some 
of t h e i r  r e s u l t s  a re  g iv e n  in  th e  t a b l e  b e low : F ig u r e s
r e p r e s e n t  ^  é n o l i s a t i o n .
R%C1 RfeBr RMgl
Methyl 7 .5
7 .5
E th y l 6 .9 7 .3 .
6 .8 7 .5
P ro p y l 8 .7 8 .8
8 .3 8 . 5
B u ty l 6 .3 5 .8
6 .3 5 .1
ià o P ro p y l 1 5 .8 1 5 .9
1 6 .3 15  6
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ia o B u ty l 1 3 .9  1 4 .1
1 3 .7  1 3 .8
t e r t B u t y l  1 9 .7
2 0 .4
The a u th o r s  conc luded  from t h e i r  r e s u l t s  and from  con­
s i d e r a t i o n  o f  th e  r e s u l t s  G r ig n a rd  and Savard  o b ta in e d  w ith  
pu legone  t h a t  ( l )  a l th o u g h  su pp lem en ta ry  n e g a t iv e  g ro u p s  may 
fav o u r  é n o l i s a t i o n ,  é n o l i s a t i o n  i s  p o s s i b l e  w ith o u t  such g ro u p s .  
The p re se n c e  o f  a  doub le  bond, above a l l  i f  i t  i s  c o n ju g a te d  
w ith  th e  ca rb o n y l g ro u p , f a v o u r s  é n o l i s a t i o n .  ( s )  G r ig n a rd  
c h l o r id e s  cause  l e s s  é n o l i s a t i o n  th a n  brom ides and io d id e s ,  
w h i l s t  g e n e r a l l y  th e  io d id e s  cau se  s l i g h t l y  l e s s  é n o l i s a t i o n  
th a n  b ro m id es . (3) r a i s i n g  th e  te m p e ra tu r e  o f  th e  r e a c t i o n  
m ix tu re  i n c r e a s e s  th e  e x te n t  o f  é n o l i s a t i o n  b u t u s u a l l y  o n ly  
s l i g h t l y .
The mechanism o f  é n o l i s a t i o n  a c c e p te d  by G rig n a rd  and 
B1 an chon i s  t h a t  su g g e s te d  e a r l i e r  by G rig n a rd ;  i . e .  one of 
complex fo rm a tio n  and su b seq u en t d e c o m p o s it io n .  The p o s s i b i l i t y  
t h a t  i n t e r a c t i o n  may o cc u r  between a G r ig n a rd  r e a g e n t  and th e  
e n o l i c  form  o f  a k e to n e  was n o t a c c e p ta b le  t o  them , f o r  th e y
m easured  f i r s t  t h e  i n i t i a l  eno l c o n te n t  o f  th e  k e to n e s  u se d ;
1
Acetone 
B u tyrone  
D ib u ty lk e to n e  
D ib en zy lk e to n e  
Ace tophe none 
Cy c lo uen t anone
and found  t h a t  a l t h o u ^  th e  k e to n e s  which a l r e a d y  e x i s t e d  t o  
acme e x te n t  in  th e  e n o l i c  form f i g u r e d  among th o s e  k e to n e s  
u n d e rg o in g  much é n o l i s a t i o n ,  so d id  b u ty ro n e  and menthone
Cyclophexanone 8 . 2
0.4, o-MeCycl ohexanone 6 .3
0 % Menthone 0
Garvone 0
o ; Thujone 0
0^ M e s ity l  o x id e 6 .3
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which c o n ta in e d  no e n o l .  I t  seemed t h e r e f o r e  t h a t ,  i f  th e  
i n i t i a l  p re s e n c e  o f  en o l  d id  n o t g iv e  r i s e  t o  h ig h e r  é n o l i ­
s a t i o n ,  i t  was n o t  p o s s i b l e  to  invoke th e  g r e a t  r e a c t i v i t y  
o f  a  l i b e r a t e d  en o l and i t s  r e g e n e r a t io n  by d isp la c e m e n t  of 
e q u i l ib r iu m .  Moreover i f  i t  were p o s s i b l e  i t  seemed t h a t  
t h e  e x te n t  of é n o l i s a t i o n  sh o u ld  be independen t o f  th e  G r ig n a rd  
r e a g e n t ,
Tkierefore th e y  were bound t o  conc lude  t h a t  th e  a l r e a d y  
p ro p o sed  oxoniumcomplex med'ianism was c o r r e c t .  The oxonium 
which was f i r s t  formed decomposed in  a  way depending on th e  
a p t i t u d e  o f  R to  g iv e  o r  a c c e p t  a  hydrogen  atom,
OMgX
Ki^C —
; H ^
and on th e  m o b i l i ty  of th e  H atom n e a r  th e  ca rb o n y l g roup .
T h is  m o b i l i t y  was th o u g h t  p o s s i b l y  t o  depend a l s o  on th e  OMgX 
group  and, c o n s e q u e n t ly ,  on th e  h a lo g e n .  F in a l  e q u i l ib r iu m  
m ight depend on th e  r e l a t i v e  c o n c e n t r a t i o n s  o f , th e  a lo o h o la t e  
and e n o l a t e ,  and a l s o  on t e m p e r a tu r e ,  th e  r a i s i n g  of which 
enhanced th e  e v o l u t io n  o f  g a s ,  and t h e r e f o r e  m ight in c re a s e  
t h e  e x t e n t  of é n o l i s a t i o n .
The c o n c lu s io n  by  G rig n a rd  and B lanchon^^ t h a t  t h e  a c t i o n  
of isoPrMgBr on some s a t u r a t e d  k e to n e s  r e s u l t e d  in  th e  form a­
t i o n  o f  en o l a t e s  which r e a c t e d  as  t r u e  en o l a t  e s  was i n v a l i ­
d a te d  by K ohler and Thompson (1 9 3 3 )^ ^ .  G r ig n a rd  and B lanchon 
d e s c r ib e d  th e  p ro d u c t  from th e  a d d i t i o n  o f  a c e t y l  c h l o r id e  t o
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t h e  e n o la t e  o f  ovolohexanone a s  o v c lo h ex en v l a c e t a t e ,
K ohler and ThoKqpson however o b ta in e d  o n ly  cy o lo h ex y l a c e t a t e  
from  t h i s  r e a c t i o n .  They t h e r e f o r e  a l lo w ed  Iso P rM&Br t o  r e a c t  
w ith  cy c l  ohexanone in  a s  n e a r ly  a s  pos i b l e  th e  same c o n d i t i o n s  
a s  in  t h e  ex p e rim en ts  o f  G r ig n a rd  and B lanchon , and found th e  
o n ly  p ro d u c ts  t o  be th o s e  o f  r e d u c t io n  and c o n d e n s a t io n ,  ( i . e . )  
t h e y  o b ta in e d  a  68fâ y i e l d  of oyc loh e x a n o l and a  26^ y i e l d  o f  
0 y c lo h e  x y l id e n e cv c lo hex anon e . P resum ably  t h e r e f o r e  th e
cy o lo hexYl a c e t a t e  i s  form ed from th e  i n t e r a c t i o n  o f  th e  
cyo loh e x y la te  and a c e t y l  c h io r  id s?
Thsy eonoluded t h a t  (1 ) O rlgnaxd  and B lanohon i d e n t i f i e d  t h e  
r e a c t i o n  p r o d u c t s  i n c o r r e c t l y ,  (s) i n  r e a l i t y  i t  i s  n o t  e n c l in  
s a t i o n  which i s  f s v o u re d  by  r a i s i n g  th e  te m p e ra tu re  b u t  r e ­
d u c t io n ,  s in c e  th e y  o b ta in e d  a  28^ y i e l d  o f  cyo loh e x a n o l a t  
-5 ^^  (3) G r ig n a rd  r e a g e n t s  c o n ta in in g  secondary  o r  t e r t i a r y
g ro u p s  f r e q u e n t l y  a c t  a s  co n d en s in g  and re d u c in g  a g e n t s ,  b u t  
t h e r e  was no ev idence  to  su g g e s t  t h a t  th e y  were any more 
e f f e c t i v e  in  in d u c in g  é n o l i s a t i o n  th a n  o t h e r s ,  (4 )  t h e r e  was 
no ev id en ce  t h a t  any G rig n a rd  r e a g e n t  c o u ld  c o n v e r t  a  mono- 
k e to n e  in to  a  e n o la te  u n l e s s  h in d ra n c e  p r e v e n te d  a d d i t i o n ,
§niith and Guae (1 9 3 7 )^^ , l i lc e  K oh ler  and Thompson, were 
of th e  o p in io n  t h a t  th e  n a tu r e  o f  th e  G r ig n a rd  r e a g e n t  h ad  no
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In f lu e n c e  in  cau s in g  é n o l i s a t i o n .  U sing a  K ohler  «G rignard  
maoiiine” , and w ork ing  in  x y le n e  s o l u t i o n ,  th e y  examined th e  
é n o l i s a t i o n  caused  by MeMgBr in  a  number o f  h in d e re d  k e to n e s .  
From t h e i r  r e s u l t s  th e y  conc luded  t h a t  é n o l i s a t i o n  was m a in ly  
a  f u n c t i o n  o f  h in d ra n c e  in  th e  k e to n e ,  s in c e  o n ly  when h i n ­
d ran ce  was a t  a  maximum, i . e .  when b o th  o ^ -p o s i t io n s  were m ethy­
l a t e d ,  was 100,^ é n o l i s a t i o n  r e a l i s e d ,  When o n ly  one o ^ p o p i t io n  
was m e th y la te d  t h e  e x t e n t  o f  é n o l i s a t i o n  was a f f e c t e d  by th e  
p o s i t i o n s  o f  th e  o th e r  g ro u p s  in  t h e  benzene r i n g .  In  th e  
d ik e to n e s  however th e  p o s i t i o n s  o f  th e  a c e ty l  g roups  d id  n o t 
a f f e c t  th e  e x te n t  o f  é n o l i s a t i o n .  The f o l lo w in g  i s  a  t a b u ­
l a t i o n  of t h e i r  r e s u l t s :
#  M
A cetophenone 2*5 102*5
A ceto-m -xy lene  5 102
 __ 0 ^ 3  C fy
A o e to m es ity len e  103 0
CHj c^*
S -a o e to p aettdocmnene r.Mt 25 79
A oetodurene 97 4
A oeto igodu r e a e  ^  /  V -n rH i 94 7
A o e to p re h n i te n e  \co.c»x * 75 37
' V r
A oetopen tam ethy lbenzene  ct*,/ \C o /:t 'i  93 1
D iac e to -m -x y len e  8 81
D ia c e to m e s i ty le n e  91 13
D ia c e to p aeucloQumene  ^ 88  23
D iao e to d u ren e  27
Ci*! t4*>
D ia c e to iaodu ren e  ^ cocm> ^ 3  8 6  24
c^^otv
D ia o e to p re h n i te n e  84 23
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F u r t h e r  evidSBoe o f  th e  g r e a t  in f lu e n c e  of s t e r i o  h in ­
d ran ce  on th e  oou.rae o f  th e  O rlgnaxd  r e a c t i o n  l e  g iv ^ n  i n  a  
s e r i e s  o f  p a p e r s  fey W h ita o rs  m d  co -w o rk e rs ,
Whitmore and George (1940)"^^ i n v a l i d a t e d  th e  c o n o lu a io n  
drewn fey i t h  and Guss t h a t  é n o l i s a t i o n  wes p r i m a r i l y  a 
f u n c t i f m  o f  h in d ra n c e  in  th e  k e to n e ,  t h e  b r a n c h iî-^ g o f  t h e  
c h a in  i n  th e  G r ig n a rd  r e s g e n t  feeing o f  m inor irftportanca. I n  
an i n v e s t i g a t i o n  of t h e  en o l i s a t  i c n  o f  d l i a o p ro n v l k e to n e ,  
ülhltmore and George fo u M  t h a t  é n o l i s a t i o n  v a r i e d  from  0^ 
w ith  MeMgBr t o  w ith  n e o p e n ty l% B r ,  end r e d u c t i o n  from  Ùj> 
v iith  MeM^r to  W% w ith  jLjgBu%Br. By c o n s i d e r a t i o n  of t h e  
e x t e n t s  t o  which A ,I ,  and R to o k  p la c e  in  th e  a c t i o n  o f  
V a r io u s  G r ig n a rd  r e a g e n t s  on d i ig o p r r o y l  k e to n e ,  and , in  aome 
c a s e s ,  m easu rin g  and i d e n t i f y i n g  th e  g a s e s  ev o lv ed  d u r in g  
r e a c t i o n ,  th e y  co n c lu d ed  t h a t  r e d u c t io n  i s  a  f u n c t i o n  o f  th e  
h y d r c ^ n  atoms on t h e  p  ca rbon  atom o f  th e  G rig n a rd  r a d i c a l .  
T h e i r  r e s u l t s  a r e  t a b u l a t e d  below :
A E R S t r u c t u r e
Me%Br
EtMgBr
XaoPrMi»Br
i£oBu3%Br
naoFcnMgCl
95 0 0
77 0 21
36 2 60
0 im 65 
8 11 78 
4 90 0
OH3
CH3GK0
CH3CHsCH
caJg O H  
@13) 3 0 . CH
Mo,& ty p e  o f H on p C
none.
3 p r im a ry .
2 s e c o n d a ry .
6 p r im a ry ,
1 t e r t i a r y  
none.
Tiiat i s ,  where t h e r e  i s  no ^ C o r  no H on th e  p C t h e r e  i s  
no r e d u c t io n .  The g r e a t e s t  a l t i t u d e  f o r  r e d u c t io n  l a  shown 
fey ia pBu  which h a s  one t e r t i a r y  H on th e  ^  G atom, w h i l s t  th e  
lo w e s t  i s  slio^n fey Et which h a s  t h r e e  p r im ary  H on th e  ^  G 
atom. The a l l ^ t  in c re a s e  in  r e d u c t i o n  betdreen th e  two p r o p y l
43.
g ro u p s  «yas a t t r i b u t e d  n o t  on ly  t o  th e  C e f f e c t  b u t  t o  
B te r i c  h in d ra n c e  t o o .
Whitmore and George r e c o r d :
(1) 2 m ois d i i s o p r o p y l  k e to n e  4- 2 m ois IsoP rMgBr gave 
4 3 .6  L o f  g a s ,  fh ich  i s  a  9 7 ,2 ^  t h e o r e t i c a l  y i e l d  b a s e d  on 
t h e  y i e l d s  o f é n o l i s a t i o n  and a d d i t i o n .  P assag e  th ro u g h  
8 2 .5 ^  s u lp h u r i c  a c id  and e x p lo s io n  o f  th e  unab eo rb ed  g as  
showed a co m p o s it io n  o f  63,4^4 p ro p y le n e  and 3 3 .8 ^  p ro p a n e .
(S) 4 ,5  m ois d i i s o p r o p y l  k e to n e  4 5 m ois isoBuMgçBr gave 
9 0 .3 1  g a s ,  which i s  98.4^» th e o r y .  A n a ly s is  showed 8 8 .4 ^  
b u ty le n e  and 9,6;^ i s o b u ta n e .
The a p p l i c a t i o n  o f  s t e r i c  f a c t o r s  t o  th e  c o u rse  o f  th e  
G r ig n a rd  r e a c t i o n  was c o n t in u e d  by i l i i tm o re  and Lewis ( 1 9 4 2 ) 3 ? , 
who showed t h a t  é n o l i s a t i o n  o c c u r re d  t o  a  g r e a t  e x te n t  even 
w ith  MeMgBr when th e  c a rb o n y l  compound c o n ta in e d  h ig h ly  
b ran ch ed  g ro u p s . They i n v e s t i g a t e d  15 ca rb o n y l compounds 
and conc luded  from  t h e i r  r e s u l t s  t h a t  é n o l i s a t i o n  i s  dependent 
on th e  n a t u r e  o f  th e  s u b s t i t u e n t s  on t h e  C atom a d ja c e n t  t o  
th e  c a rb o n y l g roup , w hereas s u b s t i t u t i o n  on t h e ^  C had  no 
n o t i c e a b l e  a f f e c t  on th e  r e a c t i v i t y  o f  th e  c a rb o n y l  g ro u p .
T h e ir  r e s u l t s  a re  g iv e n  below:
CoEtDound i  E no ia .  ^L A d #
E t 3C.OO.Me 94 0
E t 3 CH3C.CO.Me 84 0
EtMe^O.CO.Me 14 74
Me^C.CO.Me 5 86
Me3G.CH.CO.Me 0 100
EtsC.CO.CHoCHMes 85 0
E t 3 C.C0 . 0H=CH2 0 58
0 0
0 0
26 45
22 60
0 100
58 37
9 1 /2 5 5 /2
7 9 /2 1 9 /2
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Et» ^ 0 « COgEtî 
EtzO.COoMe 
EtaOHsC.COpEt 
EtpCH^^C.CO^u 
E tfjige.COsÊt 
FtsC.CO.CHsCHoOH 
(EtsO.COÎsCHa 
(EtsC.coïaOHCHa
In  th e  c a se  of EtgC&CO.Me th e y  i s o l a t e d  th e  p s e u d o ^ e n o la te *  
EtgC.CO.OEgMgBr and showed t h i s  t o  a c t  as  a  t r u e  G r ig n a rd  
re a g e n t  in  t h a t  i t  r e a c t s
(1) w ith  COg t o  fo rm  th e  k e to  a c id  E t gC.CO.OHgCOgH
( 2 ) w ith  fo rm aldehyde  t o  form  th e  k e t o l  E t 3O. CO. CH(OH) CHg
( 3 ) w ith  t r i e t h y l  a c e t y l  c h lo r id e  t o  form th e  d ik e to n e  
E t 3O.GO.CH2CO .O Et3
By i n c r e a s in g  t h e  s i z e  and c o m p le x i ty  o f th e  g ro u p s  
a d ja c e n t  t o  th e  c a rb o n y l  g roup  Whitmore and R an d a ll  ( 1 9 4 2 ) ^  
o b ta in e d  more ev id en ce  o f  e x t e n s iv e  é n o l i s a t i o n .  U sing a  
K ohler  ty p e  "G rignard  m achine" th e y  o b ta in e d  by th e  a c t i o n  
o f EtMgBr é n o l i s a t i o n  o f  th e  fo l lo w in g  t h r e e  t e r t b u ty ln e o p e n t y l  
k e to n e s :
/CH)
(1 ) Methyl C CP.CH3
^ E nol* . Add^.
(2) P ro p y l (CH. C — tO- W ;
94 0
57 0
35 0
* The p r e s e n t  w r i t e r  p ro p o se s  t o  u s e  th e  te rm  "p s e u d o -e n o la te  
f o r  compounds o f  t h i s  ty p e
45.
The p s e u d o -e n o la te  o f  ( l )  was o b ta in e d  a s  a  p r e c i p i t a t e  and 
was shown t o  a c t  a s  an o r d in a r y  G rig n a rd  re a g e n t  by i t s  k e t o l  
fo rm a t io n  w ith  b en z a ld e h y d e .
(CHgigO.C —  COCH3 +- EtMgBr  (CHgjgO.O —  COGH^MgBr
'CH3 ''CHg
PhCHO
( 0 1 3 ) 3 0 .6  —  ceCH(OH)CHHi.
'CH3
T h is  dependency o f  é n o l i s a t i o n  on th e  second group of 
t h e  k e to n e  oven when th e  f i r s t  g roup  h a s  a  s t r u c t u r e  a s s o c i a t e d  
w ith  h ig h  s t e r i c  h in d ra n c e  was shown to o  by Whitmore end 
L e s t e r  (1948)39 . They p r e p a re d  f i v e  d in e o p e n ty l  k e to n e s
(OH3 ) gC.CHs^
in  which R was s u c c e s s iv e ly  Me, £ t ,  Ph, o ^ - to ly l ,  and p j - t o ly l ,  
and found  t h a t  th e  Me and E t k e to n e s  gave q u a n t i t a t i v e  éno­
l i s a t i o n  even  w ith  h i g h l y  b ran ch ed  G rig n a rd  r e a g e n t s  which 
f r e q u e n t l y  cause  r e d u c t io n .  With MeMgBr however th e  Ph, 
0; - t o l y l ,  and ^ - t o l y l  k e to n e s  gave q u a n t i t a t i v e  a d d i t i o n ,  and 
i t  was co n c lu d ed  t h a t  i f  th e  second g roup  o f  th e  k e to n e  does 
n o t  c o n ta in  a  l a b i l e  H atom é n o l i s a t i o n  canno t o ccu r  and 
normal a d d i t i o n  r e s u l t s .  They p r e p a re d  th e  p se u d o -e n d a t e e  
o f  th e  Me and Et k e to n e s  and showed them t o  a c t  as  t r u e  G r ig ­
n a rd  r e a g e n t s  by fo rm ing  k e t o l a  w i th  benzophenone:
46.
(%)gOH.OO.CHg%Br + PhgC^O — ^  (Hp)3CH.C0.GH.C(0H).Pli3
A lthough Whitmore li.* e s ta b l i s h e c l  t h a t  s t e r i c  h in d ra n c e
p rom otes  é n o l i s a t i o n ,  i tm ore  and B lock (1948)^0^ by working
on s im p le r  k e to n e s ,  conc luded  t h a t  s t e r i c  h in d ra n c e  around  th e  
C atom o f th e  c a rb o n y l  group r e t a r d s  b o th  a d d i t i o n  and éno­
l i s a t i o n .  U sing  MeMgBr, and assum ing c o n d e n s a t io n  t o  be 
n e g l i g i b l e ,  th e y  o b ta in e d  th e  r e s u l t s  summarised below :
^  E noin . > Add
M e.CO .isoPr 0 100
E t .C O .is o P r 0 100
M e.CO .tertB u 5 86
E t .C O . te r tB u  ‘ 9 86
M0 5 a c e to n e 0 49
M e.C O .p inaco ly l 48 47
S t .C O .p in a c o ly l 62 33
• Me.CO.seoBu 32
P r . CO.aecBu 53 40
2 : BMeg4.*Et-3hexanone 5 • 19
8 : 2 : 4 : 6 : 6 :  -Me^S: 5 -hep  t a d  i  one 13 64
E le c t r o m e r ic  I n f lu e n c e s
The f i r s t  i n d i c a t i o n  o f an  e l e c t r o m e r i c  in f lu e n c e  o f  
s u b s t i t u e n t 8 a p p e a rs  t o  come in  a  p a p e r  by A rnold  and L ig .^ett 
(1 9 4 1 )^^ , b u t  th e  e x p la n a t io n  g iv e n  i s  in c o m p le te ,  s in c e  i t  
i s  one o f  e f f e c t  and no t c a u se .  They say  t h a t  t h e  r e a c t i o n  
betw een s t e r i c a l l y  h in d e re d  k e to n e s  and G r ig n a rd  r e a g e h t s  to  
form  e n o l a t e s  and h y d ro ca rb o n s  may not n e c e s s a r i l y  be p re c e d e d  
by s im ple  é n o l i s a t i o n  o f  t h e  k e to n e .  A more p ro b a b le  mechanism 
in v o lv e s  th e  c o o r d in a t io n  of a  halom agnesium  c a t i o n ,  IgX, w ith  
th e  ca rb o n y l  oxygen fo l lo w e d  by d i r e c t  i o n i s a t i o n  o f  a  p r o to n
47 .
from th e  aC 0 atom. E .g .  w ith  aoe tome a i t yl e n e ;
<& 1
K ®  y-^  4 y f
Rri <—  H r-
CH^
Assuming t h a t  th e  therm odynam ic s t a b i l i t y  o f  th e  r e s o n a t in g  
system s a l l y l ,  b e n z y l ,  and c r o t y l  sh o u ld  en a b le  them to  ac t 
s i m i l a r l y  to  a  p r o to n ,  t h e  a u th o r s  s tu d i e d  th e  r e a c t i o n  o f  
s t e r i c a l l y  h in d e re d  a l l y l i c  e s t e r s  w ith  a  G r ig n a rd  r e a g e n t  and 
o b ta in e d  th e  a l l y l i c  h y d ro ca rb o n  c o r r e s p o n d in g  w ith  RII of t h e  
u a u a l  c a s e s .  W ith a l l y l  isodu r v l a t e  and PiiMgBr th e y  o b ta in e d  
a 67-70/a y i e l d  o f  a l l y l  b en zen e , and w ith  0; ;- to ly l% B r th e y  
o b ta in e d  a  67-70^ y i e l d  o f  o .-M e-a lly l ben zen e ,
^  y
K (D y ~ ~ \ ^
i;c«V C ri«eH ^ 4—  c i iY  c H~ch^ f  C H 3 \ _ y
The ana logous  r e a c t i o n  w ith  a l l y l  b e n z o a te  gave ho /e v e r  on ly  
th e  normal a d d i t i o n  p ro d u c t  i n  y i e l d s  of 86ji and 68^ r e s ­
p e c t i v e l y ,  which l e d  th e s e  a u th o r s  t o  th e  c o n c lu s io n  t h a t  o n ly  
in  s t e r i c a l l y  h in d e re d  k e to n e s  w i l l  th e  l o s s  of a  p r o to n  (and  
o f  th e  a l l y l  r a d i c a l )  o c c u r .
Some i n d i c a t i o n  o f  th e  cau se  i s  g iv e n  in  a second  p a p e r
48,
by A rno ld  and L ig g e t t  (1942)'^^ in  which th e  dependency o f  th e  
n a t u r e  o f th e  g ro u p s  in  th e  e s t e r  i s  d e s c r ib e d .  I t  i s  s a id  
h e re  t h a t  th e  r e a c t i o n
R C ^  +  R"MgZ  * R .C ^ °  ■+• R*R*
OR» ^OMgX
w i l l  o n ly  o c c u r  i f  ( 1 ) th e  group R* i s  s u f f i c i e n t l y  therm ody­
n a m ic a l ly  s t a b l e  as th e  c a t i o n  R®, and (3 )  th e  group R p r e ­
s e n t s  s u f f i c i e n t  s t e r i c  h in d ra n c e  to  th e  ca rb o n y l g ro u p . I f ,  
how ever, R* h a s  l i t t l e  te n d e n cy  t o  form a  c a t i o n  b u t  on th e  
o th e r  hand  th e  group -OR* w i l l  r e a d i l y  form an a n io n  th e n  th e  
fo l lo w in g  r e a c t i o n  o c c u rs :
0 0
. t  ^ H- R»OMgX
OR»
I
To i l l u s t r a t e  t h i s  PhMgBr was made to  r e a c t  w ith  th e  fo l lo w in g  
a l l y l i c  e s t e r s
P h C H ^C ^M ly l
Et
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With ( l ) ,  ( 2 ) ,  ( 3 ) ,  and (4) com plete  c le a v a g e  o f  th e  0 - a l l y l  
bond o c c u r re d .  W ith (? )  and (8) com plete  c le a v a g e  o f  th e  
C -O a l ly l  bond o c c u r re d .  W ith (5) and (6) b o th  r e a c t i o n s  M e r e  
s a id  t o  p ro c e e d  a t  com parable r a t e s .
They conc luded  t h a t  in  ( 1 ) ,  ( 2 ) ,  ( 3 ) ,  and (4 )  th e  g ro u p s  
c o r re s p o n d in g  w ith  R h ig h ly  h in d e re d  th e  c a rb o n y l g ro u p . With 
r e g a r d  to  (8) th e y  s a id  t h a t  a l th o u g h  th e  Et g roup  u s u a l l y  
o f f e r s  c o n s id e r a b le  s t e r i c  h i  A ira n ce owing t o  th e  a r e s  th ro u g h  
which th e  Me component can  f r e e l y  r o t a t e ,  th e  r i g i d i t y  o f  t h e  
r i n g  system  in  (8) p r e v e n t s  f r e e  r o t a t i o n  and as  a consecyience 
th e r e  i s  no s t e r i c  h in d r a n c e .
Whereas i t  was th e  custom i n  th e  p a s t  y e a r s  t o  argue 
betw een  an a d d i t i o n  mechanism and an i o n i c  m echanian f o r  
e x p la in in g  th e  abnorm al r e a c t i o n s  of th e  G rig n a rd  r e a g e n t ,  
Evans and P ee r  son (1942)^^  u s e d  th e  abnorm al r e a c t i o n s  a s  
ev id en ce  f o r  t h e  io n ic  n a tu r e  of th e  G r ig n a rd  r e a g e n t .  T h e ir  
p a p e r  c o n s i s t s  m a in ly  o f  c o n d u c t iv i t y  m easurem ents and  
t r a n s p o r t  s t u d i e s  on a  number of G r ig n a rd  r e a g e n t s ,  b u t  in  
a  s e c t i o n  h ead ed  "chem ica l ev idence*  i t  i s  s a id  t h a t : -  *In 
t h e  m a jo r i t y  o f  i t s  r e a c t i o n s  th e  G rig n a rd  r e a g e n t  b eh av es  
a s  an R an io n  and IgX c a t i o n .  The a n io n  w ith  i t s  u n sh a re d  
p a i r  of e l e c t r o n s  g o es  on to  an atom w ith  en open s e x t e t ,  and 
th e  c a t i o n  adds on t o  an atom w ith  an u n s h a re d  p a i r  of 
e l e c t r o n s . , . . .  I n s t e a d  o f an atom w ith  an open s e x t e t  an 
i o n i s a b l e  H may f u r n i s h  th e  n e c e s s a ry  o r b i t a l  f o r  tlie u n sh a re d
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p a i r  o f  th e  an io n  in  which oase th e  an io n  a c t a  a s  a  b a s e .
The H io n  may come from  an OH, SH, HH, o r  an a c t i v a t e d  CH.
The b e h a v io u r  o f  th e  G rig n a rd  r e e g e n t  in  é n o l i s a t i o n  end con­
d e n s a t io n  i s  due t o  t h i s  r e a c t i o n .  The r e d u c i i ^  e f f e c t  o f  
G r ig n a rd  r e a g e n t s  i s  p a r t i c u l a r l y  n o t i c e d  in  th e  ca se  o f  h i ^ l y  
b ra n c h e d  R a n io n s  and b ranched  c h a in  c a rb o n y l compounds. H ere , 
due to  s t e r i c  f a c t o r s ,  a  h y d r id e  io n ,  H, adds t o  th e  c a rb o n y l  
g roup  g iv in g  a  r e d u c t io n  p ro d u c t  and an o l e f i n , . . . The r e a c t i o n  
i s  c a r r i e d  t o  co m p le t io n  by th e  i r r e v e r s i b i l i t y  o f  t h e  f o r ­
m a tio n  o f  a  C-C o r  C-H bond. B ecause o f  t h i s  o n ly  th e  R a n io n  
seems to  r e a c t . . . . .A c tu a l ly ,  (b e c a u se  o f  th e  d i s s o c i a t i o n  
RMgX;^RMg -jr X) t h e  a n io n  X must be u n d e rg o in g  th e  same 
r e a c t i o n s  b u t  t o  a  l e s s e r  d e g re e  owing t o  t h e  lo w er  b a s i c i t y  
o f  th e  h a l i d e  ion  compared w ith  an a l k id e  ion
OMgR 
X
In such c a s e s ,  how ever, th e  r e a c t i o n  i s  r e a d i l y  r e v e r s i b l e  
b ecau se  o f  th e  l a b i l i t y  o f  a  C-X bond to  an oxygen atom,*»
On th e  o th e r  h an d ,  how ever, Dubois (1947)^'^ r e i t e r a t e s  
th e  p r i o r  a d d i t i o n  mechanism of co n d en sâ t io n , Dubois* 
i n t e r p r e t a t i o n  i s  t h a t  normal a d d i t i o n  o c c u rs  and t h a t  i f  
c o n d i t io n s  a re  such t h a t  th e  a d d i t i o n  r e a c t i o n  i s  slow t h e r e  
i s  enhanced o p p o r tu n i ty  o f  u n r e a c te d  k e to n e  r e a c t i n g  w ith  t h e  
a d d i t i o n  complex to  form  th e  k e t o l  ( i . e . )
R g C = :0  -+ R»MgX ^  RpG
sa.
(■^ ) \
R -. y  OKW
Jc h / ' ^ ^ c h k ^ . c o . k , ’  ''■'*RC
The s t a b i l i t y  o f  th e  a d d i t i o n  complex ( I )  i s  d e s c r ib e d  a s  a
f u n c t i o n  o f  s t e r i c  e f f e c t©  and th e  p o l a r i t y  of th e  g ro u p s  R%,
#
and Rg and R,
In th e  fo l lo w in g  r e s u l t s  f o r  th e  c o n d e n s a t io n  o f  p i n a -  
co lone  t o  2 :3 :5 :6 :6 - p e n ta m e th y lh e p ta n o l - 5 - o n e - 3
MeMgBr EtMgBr i^PrMgBr leoP rMeCl
fa 6 7 .5  19 63
th e  in c r e a s e  due t o  iso P rM?Cl i s  a t t r i b u t e d  to  th e  s low ing  
down o f  th e  a d d i t i o n  r e a c t i o n  by  th e  s t e r i c  h in d ra n c e  o f  th e  
iso P r  g ro u p .
Dubois e x p la in s  a l s o  t h e  in c r e a s e  in  c o n d e n s a t io n  by 
go ing  from  is o P rMgSr t o  iaoP rMgOl:
isoP rMarBr iso P rMgCl
$ k e t o l  30 62
as  due t o  t h e  s low ing  down o f  th e  a d d i t i o n  r e a c t i o n  t h i s  i s
s a id  to  be due to  t h e  d e c re a s e  in  r e a c t i v i t y  o f  c h l o r i d e s ,
Dubois (1947)'^^, d i s c u s s in g  th e  c o n d e n s a t io n  of k e to n e s
by G rig n a rd  r e a g e n t s ,  s a y s :  "one can no lo n g e r  M a in ta in  th e
h y p o th e s i s  t h a t  t h e  e n o l  o f th e  k e to n e ,  o r  th e  t e r t i a r y  a l c o h o l ,
«
o r  th e  a lc o h o l  o f  r e d u c t io n  a c t  in  t h e  fo rm  o f  magnesium
52,
a lc o h o l  a t  e s ,  even th o u g h  th e  l a t t e r  a re  condensing  a g e n ts .
In  f a c t  one can condense d i e t h y l  k e to n e  w ith o u t  d i f f i c u l t y  
u s in g  ia o o roDvlinagneaium c h l o r i d e ,  b u t one o b ta i n s  o n ly  s i x  
to  e i ^ t  g r a n s  of th e  k e t o l  in  n in e t y  h o u r s  when a  magnesium 
a lc o h o l  a t e  i s  u s e d ,  "
The fo l lo w in g  law i s  th e n  g iv e n :  «When a  k e to n e
condenses t o  a  k e t o l ,  th e  group CH3 g iv e s  hydrogen  to  th e  
r e c e p t i v e  m o lecu le  more e a s i l y  th a n  th e  group CHg, and th e  
l a t t e r  more e a s i l y  th a n  th e  group  CH. «
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grignard REACTIONS 
RESULTS
When th e  fo l lo w in g  s e r i e s  o f  r e a c t i o n s  were s t a r t e d ,  i t
was in te n d e d  t o  i s o l a t e  and i d e n t i f y  th e  p r o d u c ts  o f  th e
abnormal a c t i o n  o f  a number of G r ig n a rd  r e a g e n t s  on a  number
of k e to n e s ,  and a l s o  t o  f in d  i f  t h e r e  were a  c o r r e l a t i o n
betw een  t h e  (giant i t  l e s  o f  th e  abnormal r e a c t i o n  p r o d u c ts  and
th e  q u a n t i t i e s  of th e  g a s e s  ev o lv ed  d u r in g  r e a c t i o n .  The
G rig n a rd  r e a g e n t s  chosen  were:
n -propylm agnesium  brom ide 
isQ-propyIm agnesium  brom ide 
n -bu ty lm agnesium  brom ide 
iso b utyIm agnesium  brom ide 
86 c -b u t y Im agn© a ium brom ide 
te r t -b u ty lm a g n e s lu m  brom ide
and th e  k e to n e s  chosen  were:
m ethy l e t h y l  k e to n e  
m e thy l ^ p r o p y l  k e to n e  
m ethy l Taonr o u v l  k e to n e  
m ethy l n - b u ty l  k e to n e  
m ethy l Tsobu t v l  k e to n e  
m ethyl t e r t - b u t v l  k e to n e  
m ethyl zvamyl k e to n e  
d i -  is o u Fopvl k e to n e  
d i - iso b u t y l  k e to n e
The scheme u n d e r ta k e n  was t o  cause th e  i n t e r a c t i o n  of th e  
G rignaxd  r e a g e n t s  and k e to n e s  u n d e r  s p e c i f i c  c o n d i t io n s ,  t o  
measure th e  amount of g a s  ev o lv ed  and to  d e te rm in e  th e  s a t ­
u r a t e d  and u n s a t u r a t e d  co«4>onents, t o  f r a c t i o n a t e  t h e  l i q u i d  
p r o d u c t s  of th e  r e a c t i o n s ,  and to  f i n d  w h eth e r  t h e r e  was an 
e x a c t  r e l a t i o n s h i p  be tw een  th e  l i q u i d  p r o d u c t s  and th e  g a s e s
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ev o lv ed .
The g as  ev o lv ed  in  a  r e a c t i o n  was c o l l e c t e d  by f r e e z i n g  
o u t in  t r a p s  immersed in  ethanol/O O g b a th  a a t  -  73^, and, 
a f t e r  t h e  r e a c t i o n  had  ru n  i t s  s p e c i f i c  t im e ,  a l lo w in g  th e  g a s  
to  b o i l  i n to  a c a l i b r a t e d  b r i n e  a s p i r a t o r ,  from which i t  was 
f o r c e d  by  b r in e  in f lo w , th ro u g h  s u lp h u r i c  a c id ,  in to  a n o th e r  
b r i n e  a s p i r a t o r .
The l i q u i d  p r o d u c t s  were f r a c t i o n a t e d  th ro u g h  a  13 inch  
column packed  w ith  F enske  h e l i c e s ,  and f i t t e d  w ith  a  t o t a l -  
r e f l u x - v a r i a b l e - t a k e - o f f  s t i l l  h e a d .  The f r a c t i o n a l  d i s ­
t i l l a t e s  were c o l l e c t e d  in  sm all t a r e d  t e s t - t u b e  r e c e i v e r s  
made t o  f i t  th e  s ta n d a r d  j o i n t  of th e  t a k e - o f f .  T h is  
p e r m i t t e d  a  r e a s o n a b ly  a c c u r a te  w e ig h in g  o f each  f r a c t i o n ,  
and th e  measurement o f  th e  r e f r a c t i v e  inddx of sm a ll  amounts 
o f  d i s t i l l a t e .
However, i t  was soon fo u n d  t h a t  an e x a c t l y  q u a n t i t a t i v e  
c o r r e l a t i o n  betw een  l i q u i d  p ro d u c t  and e v o lv ed  g a s e s  cou ld  
n o t be made. The r e a s o n  f o r  t h i s  l a y  e n t i r e l y  w ith  th e  
f r a c t i o n a t i o n  o f  th e  l i q u i d  p r o d u c t s .  For a l th o u g h  what 
Blight be c a l l e d  l a r g e  q u a n t i t i e s  o f r e a g e n t s  f o r  audi a  s e r i e s  
of r e a c t i o n s  were u s e d ,  th e  amount of p r o d u c t  o b ta in e d  from  
a  r e a c t i o n  was in  th e  r e g io n  of 90 to  130 gm. T h is  meant 
t h a t  a  r e s t r i c t i o n  was p la c e d  on th e  s i z e  of th e  column to  
be u s e d .  Each r e a c t i o n  gave a  p r o d u c t  c o n s i s t i n g  o f  f o u r  o r  
f i v e  compounds. That i s ,  th e  p ro d u c t  co u ld  c o n ta in  ( l )  th e  
o r i g i n a l  k e to n e ,  ( 8) t h e  seco n d ary  o a r b in o l ,  ( s )  th e  t e r t i a r y
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o a r b in o l ,  (4) th e  k e t o l ,  and (5) th e  d e h y d ra te d  k e t o l .  Tliree 
o t h e r  x>ossible c o n s t i t u e n t s  were ( 6 ) sm all amounts o f  e t h e r ,  
( ? )  sm a ll amounts o f  o l e f i n  i f  t h e  t e r t i a r y  o a r b in o l  had  
b ro k en  down s l i g h t l y ,  and (8 ) w a te r  from th e  breakdown o f  
t e r t i a r y  o a r b in o l  and k e t o l .
A part from  t h e s e  f a c t o r s ,  th e  n a tu r e  o f  th e  p r o d u c t s  
made f r a c t i o n a t i o n  more d i f f i c u l t .  I t  was n e c e s s a ry  t o  
f r a c t i o n a t e  th e  t e r t i a r y  ca rb ino l"  and k e t o l  a t  red u ce d  
p r e s s u r e .  In  many c a s e s  th e  b o i l i n g  p o i n t  of th e  t e r t i a r y  
o a r b in o l  p re v e n te d  f r^ A c t io n a t io n  a t  th e  low p r e s s u r e  needed 
f o r  th e  k e t o l ,  so t h a t  a  w a te r  punqp p r e s s u r e  h ad  to  be u se d  
f o r  th e  t e r t i a r y  o a r b in o l ,  and a  «hivao* p r e s s u r e  f o r  th e  
k e t o l .  T h is  meant t h a t  t h e r e  was some incom ple te  s e p a r a t i o n  
i n  th e  change o v er  r e g io n  from  w ate r  pump t o  " h iv a c " .  The 
use  o f  Vacuum d i s t i l l a t i o n ,  m oreover, meant t h a t  some m a t e r i a l  
must be c a r r i e d  over  t o  th e  f r e e z e  t r a p  in  th e  vacuum l i n e .
Again, th e  u se  o f  red u ced  p r e s s u r e  m eant t h a t  t h e  un ­
changed k e to n e  and secondary  o a r b in o l  in  a  p ro d u c t  must be 
removed f i r s t ,  f o r  t h e i r  b o i l i n g  p o i n t s  would n o t p e r m i t  th e  
u se  o f  to o  low a  p r e s s u r e .  To accom plish  t h i s  s e p a r a t i o n  
th e  k e to n e  and se co n d ary  o a r b in o l  w ere, in  most c a s e s ,  
removed u nder  red u ced  p r e s s u r e  th ro u g h  a  s i x  inch  column 
p acked  w ith  Fenske h e l i c e s ,  b u t  th ro u g h  a  Eon t r i n a g l e  
s e t - u p ,  th e  r e c e iv e d  o f  which was immersed in  a  t r a p  a t  
-40®. The vacuum l i n e  was a r r a n g e d  to  go t h r o u ^  t h i s  
r e c e i v e r ,  so t h a t  no v a p o u rs  co u ld  b y -p a s s  th e  t r a p .  Once
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a g a in  how ever, th e r e  co'uLd he no e x a c t  s e p a r a t i o n  a t  th e  
boundary  r e g io n s .  T h is  meant t h a t  s in c e  th e  k e to n e  and 
secondary  o a rb in o l  were l a t e r  f r a c t i o n a t e d  a t  a tm o sp h e r ic  
p r e s s u r e ,  any t e r t i a r y  o a rb in o l  t h a t  may have  oome o v er  s to o d  
th e  chance of b e in g  d e h y d ra te d ,  and t h a t  any k e to n e  o r  seco n d ary  
o a rb in o l  t h a t  d id  n o t  acme o v e r  s to o d  th e  chance o f  b e in g
c a r r i e d  th ro u g h  th e  vacuum l i n e  when th e  rem a in d e r  o f  th e
(
p r o d u c t  was f r a c t i o n a t e d  a t  red u ce d  p r e s s u r e .
T h is  30 f a r  i n d i c a t e s  t h a t  com plete  s e p a r a t io n  o f  con­
s t i t u e n t s  m ight have b ee n  p o s s i b l e  b u t  f o r  th e  sm all amounts 
l e f t  a t  th e  boundary  r e g io n s .  T h is  of co u rse  was no t so , 
s in c e  th e  r e s t r i c t i o n  on column s iz e  h in d e re d  com plete  s e p a r a t i o n  
anyway.
A l t h o u ^  i t  was n o t f e a s i b l e  t o  c o n s t r u c t  r e f r a c t i v e  
inddx c h a r t s  f o r  m ix tu re s  of c o n s t i t u e n t s  owing t o  th e  number 
o f  v a r i a b l e s ,  some i n d i c a t i o n  o f  th e  c o n s t i t u t i o n  of th e  
boundary  r e g io n  d i s t i l l a t e s  i s  g iv e n  by th e  p r o g r e s s io n  of t h e  
r e f r a c t i v e  in d e x . T h is  i s  u s e d  f o r  com paring th e  r e s u l t s  o f  
some k e to n e - s e c o n d a ry  o a r b in o l  f r a c t i o n a t i o n s .  (A g ra d u a l  
change in  r e f r a c t i v e  in d ex  i s  m ost n o t i c e a b le  f o r  th e  change 
from  d e h y d ra te d  k e t o l ,  th e  r e f r a c t i v e  i n d i c e s  o f  which a re  o f  
th e  o rd e r  o f  1 . 5 ,  t o  h ig h e r  b o i l i n g  k e t o l ,  th e  r e f r a c t i v e  
in d ic e s  of which a re  c h a r a o t e r i s t  Ic  of th e  t e r t i a r y  o a r b in o l  
g roup , and l i e  in  th e  1 .3  to  1 .4  r e g i o n . )
T h e re fo re ,  a s  th e  e x p e r im e n ta l  r e s u l t s  show, th e  o rd e r  >
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o f  th e  amount© o f  c o n s t i t u e n t s  c o u ld  be d e te rm in e d ,  and i t  
i s  i n  c o n s id e r in g  t h e  o r d e r  o f  amounts t h a t  some c o r r e l a t i o n  
betw een  l i q u i d  and g aseo u s  p ro d u c ts  can be made. T hat i s  
where & l a r g e  amount o f  o l e f i n  was o b ta in e d ,  a  l a r g e  amount 
o f  r e d u c t io n  p ro d u c t  was o b t a in e d ,  and where a l a r g e  amount 
o f  s a t u r a t e d  gas  was o b ta in e d ,  a  l a r g e  amount o f  unohftnged 
k e to n e*  k e t o l .  load /o r dehaa lra ted  k e t o l  was o b ta in te d . A lthough
‘ ;jr
o n ly  a  few o f  th e  e x p e r im e n ts  were r e p e a te d  th e  r e g u l a r i t y  i n
i ■ r
th e  c o r r e l a t i o n  betw een  th e  o r d e r  o f  q u a n t i t i e s  and th e  
n a tu r e  o f  th e  gas  ev o lv ed  j u s t i f i e s  th e  u se  o f  gas  volumes
p
as  an i n d i c a t i o n  o f  th e  e x t e n t  and n a tu r e  o f  anomalous r e a c t i o n  
o c c u r r in g .  F o r  t h i s  r e a s o n ,  o u t  o f  th e  47 r e a c t i o n s  r e c o r d e d ,  
th e  l i q u i d  p ro d u c ts  o f  o n ly  52 have  been  f r a c t i o n a t e d .
B efo re  d i s c u s s in g  th e  r e l a t i o n s h i p  betw een th e  r e a g e n t s  
and th e  n a tu r e  and q u a n t i t y  o f  g a s e s  e v o lv e d ,  i t  i s  c o n v e n ie n t  ’ 
to  d e a l  w i th  th e  l i q u i d  p ro d u c ts  t h a t  were o b ta in e d  and 
i d e n t i f i e d .
* i . e .  r e p e a t i n g  th e  r e a c t i o n s  betw een  m e th y l i s o b u t y l  k e to n e  
and ( 1 ) n -p ropylm agneslum  brom ide ( 2 ) 1 sopropylm agnesium  brom ide 
(5) sec-bu ty lm agneaium  bromide gave th e  f o l lo w in g  r e s u l t s .
(1 )
( 2)
(5)
T o ta l  T o l . s a t u r a t e d u n s a td . ^  s a t d
8 ,5 0 0 5 ,900 4,600 4 5 .8
8 ,2 0 0 5,700 4 ,600 4 5 .0
I S , 500 15 ,950 5 ,600 8 1 .4
19 ,000 15,200 5 ,800 8 0 .0 .
2 0 ,0 0 0 15 ,100 6 ,9 0 0 6 5 .6
20,400 12,800 7 ,6 0 0 6 5 .0
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P ro d u c ta  o f  Condensât io n
On p a g e s  58&59 a re  l i s t e d  th e  c o n d e n s a t io n  p r o d u c t s  
o b t a in e d ,  w ith  t h e i r  c h a r a c t e r i s t i c  p h y s i c a l  p r o p e r t i e s .
Where i t  was p o s s i b l e  t o  o b t a i n ,  by Brady* s method, a  2 :4 -  
d in i t ro p h e n y lh y d r a z o n e ,  t h i s  i s  l i s t e d .
I t  w i l l  be n o t i c e d  t h a t  th e  «2 : 4- d i n i t r o p h e n y l h y d r a 2one« 
r e c o rd e d  f o r  th e  k e t o l  o f  m ethyl i s o n ro p v l  k e to n e  i s  th e  
sa&ie as t h a t  r e c o rd e d  f o r  th e  d e h y d ra te d  k e t o l .  I t  was 
fo u n d  to o  t h a t  th e  * 2 :4 -« d in itrc p h en y lh y d raz o n e«  p r e p a r e d  
from th e  k e t o l  of m e thy l t e r t - b u ty l  k e to n e  was r e a l l y  th e  
d e r i v a t i v e  of th e  d e h y d ra te d  k e t o l .  T h is  means t h a t  by 
u s in g  Brady*s method th e  k e t o l s  a re  d e h y d ra te d  a t  t h e i r  
t e r t i a r y  h y d ro x y l g ro u p .
There seems t o  be one e x c e p t io n  t o  t h i s  how ever, in  th e  
ca se  o f m ethyl e t h y l  k e to n e .  A n a ly s is  o f  th e  co n d e n sa te  
and i t s  d e r i v a t i v e  show t h a t  t h e  co n d en sa te : .h a s  a  f o rm u la  
CigHggO and must have th e  s t r u c t u r e
CH3CH2C=CH0(0H)GHgOHg
CH3 . ces.CO.CHgCHs 
A n a ly s is  o f  th e  2 : 4 -d in i t ro p h e n y lh y d ra z o n e  showed t h a t  t h i s  
i s  a  d e r i v a t i v e  o f  t h e  above compound and n o t  o f  th e  d e h y d ra te ,  
which means t h a t  in  t h i s  case  d e h y d r a t io n  of th e  t e r t i a r y  
h yd roxy l group does n o t o c c u r .  An an a lo g o u s  compound h a s  
been  o b ta in e d  by Gorhan (1 9 0 5 ) py  h e a t in g  n -b u ty ra ld e h y d e  
w ith  16;^ s u lp h u r i c  a c id ,  and i s  g iv e n  th e  p ro b a b le  c o n s t i -  
t u t  ion
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0Hg0HgCHg0H=0. OH(OH)CH. CHO 
CHgCHj ingCHj
With r e g a r d  t o  m ethyl e t h y l  k e to n e ,  i t  was a l s o  fo u n d  
t h a t  t h e  h im olecfu lar  c o n d e n sa te ,  c o r r e s p o n d in g  w ith  th e  
k e t o l s  of th e  o th e r  k e to n e s ,  c o n s i s t e d  of t//o  compounds. T h is  
r e s u l t  was o b ta in e d  w ith  b o th  i s o p ropvlmagcneslum brom ide 
(Expt 3) and t e r t - buty lm agnesium  brom ide ( E x p t .3 1 ) .  E v idence  
showing t h i s  l i e s  in  th e  p r e p a r a t i o n  o f t h e  2 : 4 - d i n i t r o p h e n y l -  
h y d ra z o n e .  Two d e r i v a t i v e s  were o b ta in e d ,  b u t  c o u ld  n o t  be 
c o m p le te ly  s e p a r a te d .  I t  i s  b e l i e v e d  th e  two compounds a re  
form ed by  k e t o l i a a t i o n  in  two o f  t h r e e  p o s s i b l e  ways:
V  C H 3 0 H 3 C ( O H )  C H g C O . C H 2 C H 3  
C H 3
CH3GO.CH2 CH3 -------^ OH3 CH2 0(OH)CHS CHg CO.OH 3
\  CHg
^  0H3C%G(0H) CH. CO. CH3
CH3 CH3
A law h a a  r e c e n t l y  b een  s t a t e d  b y  Dubois'^^ t o  th e  e f f e c t  t h a t  
i n  th e  c o n d e n sa t io n  of k e to n e s  th e  ca rbon  atom in v o lv e d  in  
c o n d e n sa t io n  i s  t h a t  ca rbon  atom a d ja c e n t  t o  th e  c a rb o n y l  
g ro u p , »which i s  l e a s t  s u b s t i t u t e d .  T h is  laiv ie  r e a l l y  a  
s ta te m e n t  o f  v e ry  o b v io u s  f a c t a .  The p r e s e n t  w r i t e r  b e l i e v e s  
how ever, t h a t  o f  th e  t h r e e  p o s s i b l e  c o n d e n s a t io n s  o f  m ethy l 
G thyl k e to n e  th e  f i r s t  and th e  second a re  th o s e  o c c u r r in g .
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I t  i s  n e c e s s a ry  to  d ea l  in  more d e t a i l  w ith  th e  con­
d e n s a te s  o f  m ethy l t e r t - b u ty l  k e to n e .  I t  w i l l  be seen  t h a t ,  
o f  th e  two r e c o r d e d ,  th e  second i s  th e  r e d u c t io n  p r o d u c t  o f 
th e  f i r s t .  T h is  r e d u c t io n  p ro d u c t  was o b ta in e d  from  th e  
r e s i d u e s  of th e  r e a c t i o n  betw een  p in a c o lo n e  and ( 1 ) i s o p r o p y l -  
magnesium b rom ide , and (2) sejgrbut ylmagne a ium brom ide. Well 
d e f in e d  c r y s t a l s  form ed in  t h e  c o ld  r e s i d u e s  and were h a r d ly  
in  need of p u r i f i c a t i o n  a f t e r  th e y  had been washed w ith  a  
co ld  s o lv e n t .
A lthough th e  s o l i d  c o n d e n s a t io n  p ro d u c t  was o b ta in e d  
by th e  u se  of is o p ropylm agnesium  brom ide and s e c - butylmag**- , 
n e 8 ium brom ide, i t  was n o t o b ta in e d  by th e  u se  of i s o p r o p y l -  
magnesium c h l o r id e ,  n o r  by  t h e  u s e  o f  ae£-buty lm agneeium  
c h l o r id e .
These o b s e rv a t io n s  a re  d i s c u s s e d  in  a  l a t e r  s e c t i o n .
When th e  s o l i d  p ro d u c t  was f i r s t  o b ta in e d ,  i t  was 
th o u g h t to  be a  tx im o le o u la r  co n d en sa te  of p in a c o lo n e .  Ana- 
l y s i s  showed t h a t  i t  h ad  th e  n e c e s s a r y  e m p i r i c a l  fo rm u la ,  b u t  
d e t e r m in a t io n  o f  th e  M.Wt. showed t h i s  to  be 200  i n s t e a d  o f  
th e  300 r e q u i r e d  by a  t r i m o l e c u l a r  c o n d e n sa te .  The M.Wt, 
d e te r m in a t io n s  a l s o  showed t h a t  th e  confound was h ig h ly  
a s s o c i a t e d  in  benzene and bromoform s o l u t i o n s .
The on ly  s o l i d  "polym er" of p in a c o lo n e  re c o rd e d  in  th e  
l i t e r a t u r e  i s  th e  p d n ac o l
^ 3  OH3 
(C H 3)3C .0^^^Ç .C (C H 3)3
'  I •
OH OH
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which was p r e p a re d  by F r i e d e l  and S i l v a  and by
Del ac re  (1907)"^®, by th e  a c t io n  o f  sodium on p in a c o lo n e  in  
th e  p re s e n c e  of w a te r .  The M.Ps. re c o rd e d  a re  r e s p e c t i v e l y  
69® and 70-72®. The M.P. of th e  s o l i d  o b ta in e d  from  th e  
G rig n a rd  r e a c t i o n s  was 92-93®.
Although i t  was found im p o ss ib le  t o  o x id i s e  t h i s  s o l i d  
by C r ie g e e »8 l e a d  t e t r a - a c e t a t e  m ethod, i n d i c a t i n g  t h a t  i t  
was n o t a  g ly c o l ,  i t  was th o u g h t  a d v i s a b le  to  go back o v er  
th e  p r e p a r a t i o n s  of p in a c o lo n e  p in a c o l  to  see w hether a n o th e r  
form  o f  th e  p in a c o l  e x i s t e d .  I t  was n o t p o s s i b l e  t o  p re p a re  
th e  p in a c o l  by th e  method f o r  o t h e r  p i n a c o l s  g iv e n  by Gomberg 
and Bachmanni^. R e p e t i t i o n  o f  Del a c re * s  work showed th e  
re c o rd e d  M.P, o f  70® to  be c o r r e c t .
I t  was found  t h a t  th e  s o l i d  from th e  G rig n a rd  r e a c t i o n s  
co u ld  be d eh y d ra ted  by d i s t i l l i n g  o v er  n a p h th a le n e - 2 - s u lp h o n ic  
a c i d ,  d id  n o t g iv e  any o f  th e  common d e r i v a t i v e s  of p r im a ry  
o r  secondary  a l c o h o l s ,  and d id  n o t form  a  2 : 4 - d i n i t r o p h e n y l -  
hydrazone by Brady* s method.
I t  was n o t ic e d  t h a t  a l t h o u ^  d i l u t e  a c id s  had  no e f f e c t  
on th e  s o l i d ,  c o n c e n t r a t e d  n i t r i c  a c id  c o n v e r te d  i t  i n to  a  
l i q u i d ,  and th a t  t h i s  l i q u i d  was v e r y  s i m i l a r  t o  th e  p ro d u c t  
o f  th e  a c t i o n  o f  c o n c e n t r a te d  n i t r i c  a c id  on th e  k e t o l  of 
p in a c o lo n e .
T h e re fo re  the  k e t o l  was re d u c e d  by sodium and e t h y l  
a lc o h o l ;  two p ro d u c ts  were form ed:
64,
(1) th e  s o l i d  co n d en sa te  M.P, 92-93®, and ( s )  p in a c o ly l  
a lc o h o l .  T h is  meant t h a t  t h e  s o l i d  co n d en sa te  co u ld  have 
been  p roduced  in  two ways: e i t h e r  ( i )  by  t h e  d i r e c t  r e d u c t io n  
o f  th e  k e t o l
( 0%)gO.C(OH)OHg.OO.O(OH3 ) 3 —  ( OH3 ) 3C.C(OH) 0%CH(OH) 0(OH3) 3 
CS3 OH3
o r  ( i i )  by th e  breakdown o f  th e  k e t o l  in to  p in a c o lo n e ,  and 
subsequen t r e p o ly m e r i s a t i o n  o f  th e  p in a c o lo n e .  The p i n a c o l y l  
a lc o h o l  must have r e s u l t e d  frc«n th e  p r e l im in a r y  breakdovm o f  
t h e  k e t o l
( OH3 ) 3 0 . 0(0H) CH3 . CO. 0( OH3 ) 3 ^  2 ( 0 3 ) 3 0 . CO. CHg
CHg
(GHg)3G.GH(0H)CH3
I t  was u n l i k e l y  t h a t  th e  s o l i d  would have been  p roduced  by ( i i )  
s in c e  th e  o n ly  p r o d u c t ,  b e s id e  p i n a c o l y l  a lc o h o l ,  t h a t  i s  
o b ta in e d  by th e  s im i l a r  a c t i o n  o f  sodium on p in a c o lo n e  in  
aqueous e t h e r  i s  th e  p i n a c o l .
To v e r i f y  t h a t  r e d u c t io n  ( i )  h ad  o c c u r r e d ,  th e  k e t o l  
was red u ce d  in  a lc o h o l  s o l u t i o n  by th e  method o f  C a ro th e ra  
ajxd Adams (1923)'^^ in v o lv in g  hydrogen  a t  f o u r  a tm ospheres  
p r e s s u r e  and Adams PtOg c a t a l y s t  a c t i v a t e d  by f e r r o u s  c h l o r id e .  
Using t h i s  method i t  was u n l i k e l y  t h a t  th e  k e t o l  would b re a k  
down to  p in a c o lo n e .  The s o l i d ,  M;P. 92-33®, was o b ta in e d .
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A s o l i d  p ro d u c t  was a l s o  o b ta in e d  by th e  a c t io n  of 
^aobu tv im ag n e b iura brom ide on p in a c o lo n e  (E xp t.  2 0 ) ,  b u t  
a l th o u g h  t h i s  had  a  c o m p o s it io n  c o r re sp o n d in g  w ith  th e  
fo rm u la  (Og%gO)x, i t  had  an M.P, 115®, I n s u f f i c i e n t  o f  
t h i s  s o l i d  was o b ta in e d  t o  en ab le  th e  d e te r m in a t io n  o f  i t s  
h .W t,
The U se fu ln e ss  of th e  C o n d en sa tes .
The un s a t u r a t e d  k e to n e s  formed by th e  d e h y d ra t io n  o f  
k e t o l  c o n d e n sa te s  can be u sed  t o  make lo n g  ch a in  s a t u r a t e d  
k e to n e s  and a l c o h o ls .  F o r exam ple, th e  d e h y d ra te d  k e t o l  
of m ethyl b u ty l  k e to n e  was re d u c e d  c a t a l y t i c a l l y  (E xp t,
56a) t o  t h e  s a t u r a t e d  k e to n e ,
(CH3) 2CHCHgCfl(CH) 3 . CHj^CHgCO. CHgCHC CHs) g 
w hile  th e  c a t a l y t i c  r e d u c t io n  o f  th e  k e to  group h a s  a l r e a d y  
been  d is c u s s e d  in  th e  ca se  o f  p in a c o lo n e  k e t o l .  The 
s e l e c t i v e  re d u c in g  a c t io n  of PtOg in  th e  absence  o f  a p ro ­
m oter removes th e  p o s s i b i l i t y  of r e d u c in g  b o th  th e  doub le  
bond and k e to  group of an un s a t u r a t e d  k e to n e  a t  t h e  same t im e ,  
a s  i s  i l l u s t r a t e d  by F ig  2 f o r  m e s i ty l  o x id e .  Hence th e  
s a t u r a t e d  k e to n e  and a lc o h o l  can be o b ta in e d  a t  w i l l .  A lthough 
no G rig n a rd  r e a c t i o n s  were c a r r i e d  o u t on a  s a t u r a t e d  k e to n e  
o b ta in e d  in  t h i s  m anner, i t  i s  v e ry  p ro b a b le  t h a t  G rignaxd  
r e a g e n ts  such a s  m e th y l ,  e t h y l ,  n - p r o p y l ,  n - b u t y l ,  and p o s s i b ly  
pheny l magnesium h a l i d e  would r e a c t  t o  form t h e  c o r re sp o n d in g  
t e r t i a r y  c a r b i n o l s .
66.
T e r t i a r y  C a rb in o ls
Below a re  l i s t e d  th o se  t e r t i a r y  c a r b i n o l s  o b ta in e d  by 
th e  p r e s e n t  w r i t e r ,  which have n o t been  found  t o  be r e c o rd e d  
e lse w h e re .
( l  ) 2 : 2 : 3 : 5 - te t r a m e th y lh e x a n o l -3
9%
I
GH3 O—C(OH) OH2CHOH5 8 3 -8 5  0 /2 9  mm
CH3CH3 GH3 1 ,4358
O b ta in ed  by  th e  a c t i o n  o f t e x t  - bu t ylmagne a ium brom ide on 
m ethy l iso b u t y l  k e to n e ,  in  8 jo y i e l d .
( 2 ) 2 : 4 : 5 - t r im e th y lh e p ta n o l - 4
CH^OHgOH.0(OH)CH^0HCH3 54-55 ®/3 mm
OT3GH3 L g  1 .4388
O b ta in ed  by th e  a c t i o n  o f  se c - b u t  ylmagne a ium brom ide on 
m ethyl iso b u t y l  k e to n e ,  in  1 1 . ^  y i e l d .
( 3 ) 3 :4 -d im e th y lh e p ta n o l - 4
CH2CH2CH.C(0H)0H^0HgCH;g 83-85  ®/25 mm
CH3CH3 1 .4 3 8 8
O b ta lu ed  by th e  a c t i o n  o f  a e c -bu tv lm agnesium  brom ide on 
m ethyl n -p ro p y l  k e to n e ,  i n  16^ y i e l d .
67,
(4) 3 :4 -d i in e t l iy lo c ta i io l -4
OH3CH2 OH.0 ( 0H)cHg0S20a g 0H3 64-65 ° / 3  nun
CH3CH3 np* 1 ;4406
O bta ined  by th e  a c t i o n  o f  seo^^butylmagneslum bromide on 
m e th y l n - b u ty l  k e to n e ,  in  1 6 ,7 5 ^  y i e l d .
( 5 ) 3 ;4 -d im e th y ln o n a n o l-4
CHgCHgCE,C ( OH) CHgCHgOHgCHgCHg 68-69 0 / 3  sim
OH3CH3 1 .4433  .
O b ta ined  by  th e  a c t i o n  of a e c - b ix tylm am eslum  brom ide on 
m ethy l ivaiiiyl k e to n e ,  i n  13. 5;  ^ y i e l d .
( 6 ) 3: 6- d im e th y l - 4 - i8 £ p r o p y lh e p ta n o l - 4
CH3CHCHoC(0 H)CHoCHCH3 48-49  o / l  mm
I  I I
CH3 CH CH3 n ;  1 .4438
O b ta in ed  by th e  a c t i o n  o f  J^gopropylmagnesium brom ide on 
d i - i s o b u t y l  k e to n e ,  in  7 ,35^  y i e l d .
( 7 ) 3 : 6 -d lm e th y l-4  - 1 sobu t  v lh e p  t  a n d  - 4
0H3CHCH20(OH) CHgCHCHg 73-73 0 / 3  mm
CH3 OHg , GHg n'J 1 .4 4 0 3
CH
/ \
CHS CH3
O bta ined  by th e  a c t i o n  of 1 sobu t  y Im asme s lum brom ide on 
d i - iso b u t v l  k e to n e ,  in  1 3 .5 ^  y i e l d .
6 8 .  i
The OoDDosltion o f
Table I  shows th e  volumes o f  th e  g a s e s  c o l l e c t e d  f o r  
th e  s e r i e s  of r e a c t i o n s .  The t a b l e  shows th e  t o t a l  volume 
o f  gas  o b ta in e d  from each  r e a c t i o n ,  and th e  volum es o f th e  
s a t u r a t e d  and u n s a tu r a t e d  com ponents.
These r e s u l t s  a r e  e x p re s s e d  i n d i v i d u a l l y  f o r  th e  G r ig n a rd  
r e a g e n t s  and k e to n e s  in  t a b l e s  I I  to  XVII. In  i n t e r p r e t i n g  
th e  r e s u l t s  o f  th e s e  r e a c t i o n s ,  i t  i s  n e c e s s a r y  to  see  b o th  
th e  e f f e c t  o f  s t e r i c  h in d ra n c e  in  th e  r e a c t a n t s ,  and t h e i r  
r e a c t i v i t y .  T able  I  shows t h a t  a l l  th e  G r ig n a rd  r e a g e n t s  
u s e d  caused  some k in d  o f  anom alous r e a c t i o n ,  and th e  f r a c ­
t i o n a t i o n  t a b l e s  (ppl55*2.0S) co n f irm  t h i s .  C o n f irm a t io n  o f 
sm all amounts of é n o l i s a t i o n  and r e d u c t io n  i s  no t a s  ea sy  
a s  th e  c o n f i rm a t io n  o f  mi a l l  amounts o f  c o n d e n s a t io n ,  b u t  i t  
was p o s s i b l e  in  s e v e r a l  c a s e s ,  and t h e r e  i s  no r e a s o n  to  
b e l i e v e  t h a t  in  th o se  o a se s  in  w hich, say , r e d u c t i o n  i s  
i n d i c a t e d  by th e  g a s  c o l l e c t e d ,  b u t  in  which th e  r e d u c t i o n  
p ro d u c t  c o u ld  n o t be s e p a r a te d ,  t h a t  r e d u c t io n  h ad  n o t  r e a l l y  
ta k e n  p la c e .
I t  h a s  been  shown by l i i i tm o r e  and Lewis^? (p45) t h a t  
p ro v id e d  t h e r e  was s u f f i c i e n t  hindfeance in  th e  k e to n e ,  éno­
l i s a t i o n  co u ld  be caused  by  a m e th y l G r ig n a rd  r e a g e n t ,  w h ile  
S ta s  (1926)^^ o b ta in e d  a  7S;é y i e l d  o f d i i s o p r o p y l c a r b i n o l  by 
th e  a c t i o n  o f  methylmagnesium brom ide on d i i s o p r o p y l  k e to n e .
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The p r e s e n t  a u th o r  (pplZ5'4) h a s  fo u n d  t h a t  méthylmagnésium 
bromide a l s o  c a u s e s  r e d u c t io n  in  d i i s o b u t y l  k e to n e  and in  
isQpro p y l  iso b u t y l  k e to n e ,  G r ig n a rd  and B l a n c h o n 3 3  (p56) 
were u n a b le  to  show any r e l a t i o n s h i p  betw een  ke tone  and y i e l d  
o f  s a t u r a t e d  g as  in  t h e  e x p e r im e n ts  th e y  c a r r i e d  o u t ,  w h ile  
Smith and Guss^^ (p4%l) conc luded  t h a t  th e  o n ly  f a c t o r  e f f e c t i n g  
é n o l i s a t i o n  was h in d ra n c e  in  th e  k e to n e .
The r e s u l t s  i n d i c a t e d  in  T able I ,  how ever, were o b ta in e d  
w ith  some k e to n e s  and G rig n a rd  r e a g e n t s  i n  which t h e r e  i s  no 
g r e a t  s t e r i c  h in d r a n c e .  T h e re fo re  what i s  n e c e s s a r y  i s  t h a t  
t h e s e  r e s u l t s  shou ld  be a r ra n g e d  in  such a  way a s  to  a l lo w  
an  i n t e r p r e t a t i o n  o f  n o t on ly  s t e r i c  h in d ra n c e  b u t  o f  r e ­
a c t i v i t y .
The t a b l e s  show t h a t  in  g e n e r a l  t h e r e  i s  an i n c r e a s e  
in  th e  e x te n t  of anom alous r e a c t i o n  as  s t e r i c  h in d ra n c e  in  
th e  k e to n e  and G rig n a rd  r a d i c a l  i n c r e a s e s ,  b u t  t h e r e  a re  
s e v e r a l  c a se s  in  which i t  i s  o b v io u s  t h a t  t h e  e x t e n t  o f 
anom alous r e a c t i o n  i s  n o t  due to  h in d ra n c e  a lo n e .  The 
t a b l e s  a r e  a l s o  d e s ig n e d  to  show th e  v a r i a t i o n  in  th e  k in d  o f  
anomalous r e a c t i o n .  F or t h i s  r e a s o n  each  t a b l e  i s  a r ra n g e d  
to  show i n i t i a l l y  th e  in c r e a s e  in  t o t a l  volume o f  g a s  p e r  
change in  v a r i a b l e ,  b u t w ith  each  t a b l e  th e  p e r c e n ta g e  o f  
s a t u r a t e d  gas  i s  g iv e n ,  and i t  w i l l  be seen  t h a t  t h i s  does 
n o t  fo l lo w  th e  saiie o rd e r  as  th e  in c r e a s e  in  t o t a l  volume.
In th e  m ethyl k e to n e  t a b l e s  I I  t o  VI i t  w i l l  be seen
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t h a t  t h e r e  i s  a  common o rd e r  in  th e  in c r e a s e  o f anom alous 
r e a c t i o n  p ro c e e d in g  in  th e  o rd e r  o f  RMgBr
nBu <  nPr <  isoBu < aecBu ^  iaoPr  
b u t t h i s  o rd e r  b r e a k s  down f o r  d i isp b u t y l  k e to n e  (T ab le  V I I ) , 
and f o r  d i i s o p r o p y l  k e to n e  (T ab le  V I I I ) ,  th e  o rd e r  o f  R%Br 
be ing
T ab le  V II  nBu iso P r  < ispBu secBu  
T able V I I I  ^  nPr <* iso P r  < eecBu
These t a b l e s  in d i c a t e  t h e r e f o r e ,  t h a t  w h ile  in  th e  m e th y l 
k e to n e s  th e  e x te n t  to  which t o t a l  anom alous r e a c t i o n  v a r i e s  
w ith  G rig n a rd  r e a g e n t  seems to  be a  f u n c t i o n  of h in d r a n c e  
p l u s  a  r e a c t i v i t y  f a c t o r ,  in  d i  i s o b u t y l  k e to n e  and d i i s o p r o p y l  
k e to n e  th e  e x te n t  o f  anomalous r e a c t i o n  seem© t o  be e n t i r e l y  
a : f u n c t i o n  o f  h in d ra n c e .
The sariie t a b l e s  show a l s o  t h a t  t h e r e  i s  a  common o rd e r  
f o r  th e  in c r e a s e  in  th e  p e rc e n ta g e  o f  s a t u r a t e d  g a s ,  which f o r  
each k e to n e ,  ex c ep t d i i s o p r o p y l  k e to n e ,  goes 
isoBu < nPr <  nBu <  secBu < iso P r  
T h is  o rd e r  i s  e n t i r e l y  d i f f e r e n t  f o r  d i i s o p ro p y l  k e to n e ,  b e in g  
secBu |iBu ^  nPr iso P r
The t a b l e s  IX to  X II I  show t h a t  t h e  o rd e r  in  which t o t a l  
volume of gas in c r e a s e s  f o r  a  s e r i e s  o f  k e to n e s  i s  n o t  th e  
same f o r  each  G rig n a rd  r e a g e n t .  T h is  i s  what one m igb t 
e x p e c t  when th e r e  a re  t»*o f a c t o r s  in f lu e n c in g  anom alous 
r e a c t i o n .  I t  i s  b e t t e r  to  ta k e  th e  t a b l e s  i n d i v i d u a l l y  to
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d i s c u s s  t h i s .
T ab la  IX f o r  n-propylm agnesium  brom ide i n d i c a t e s  t h a t  
t h e r e  i s  no g r e a t  r e a c t i v i t y  f a c t o r  in  th e  G rig n a rd  r e a g e n t  
and t h a t  th e  e x t e n t  o f  anom alous r e a c t i o n  depends m ain ly  on 
th e  h in d ra n c e  o f  th e  k e to n e .
Table X f o r  1 sour  on vim aerne s lum brom ide i n d i c a t e s  t h a t  
w i th  t h i s  G r ig n a rd  r e a g e n t  h in d ra n c e  i s  su b ju g a te d  by  r e ­
a c t i v i t y ,  f o r  t h i s  r e a c t i v i t y  i s  b ro u g h t in to  p l a y  w ith  
m ethy l is o p ro p y l  k to n e  and m ethyl t e r t - b u ty l  k e to n e .
T able XI f o r  n-buty lm agnesiiim  brom ide shows s i m i l a r i t y  
w ith  t a b l e  IX, ex c ep t  f o r  m ethy l t e r t - b u t y l  k e to n e .
T ab le  XII f o r  isobu ty lm agnesium  brom ide i n d i c a t e s  t h a t  
th e  e x t e n t  o f  anomalous r e a c t i o n  i s  a  f u n c t i o n  of h in d r a n c e ,  
e x c e p t  in  th e  ca se  o f  t h e  h i g h l y  r e a c t i v e  m ethy l t e r t - b u ty l  
k e to n e .
Table X II I  f o r  a e c -butylm agnesium  brom ide i n d i c a t e s  t h a t  
th e  e x t e n t  of anom alous r e a c t i o n  in c r e a s e s  w ith  s t e r i c  
h in d r a n c e .
The above t a b l e s  show a g a in ,  how ever, t h a t  th e  o r d e r  
in  which th e  e x t e n t  o f  th e  k in d  of anom alous r e a c t i o n  in c r e a s e s  
i s  v e r y  d i f f e r e n t  from th e  o rd e r  in  th e  t o t a l  anomalous 
r e a c t i o n ,  ( i . e . )  th e  o r d e r  o f  in c r e a s e  o f  p e r c e n ta g e  o f  
s a t u r a t e d  g a s  p e r  change in  k e to n e  i s  as f o l lo w s :
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n;-Pr% Br d i ia o P r  < t e r t B u  < IsoPr  <  IsoBu  < n -P r  <  n-Am 
n-B u% B r d i iso P r  < t e r t B u < d i ieoBu  < Iso P r  < IqoBu  < jtt-Pr 4^  n-Am 
isoPrMgBr d i ieoPr  <  r^-Pr < n-Am <( t e r t B u  <  is o P r  <  leoBu  < d i iaoBu  
s e c - BuMgcBr d i i s o P r  <  d l ieoBu c t e r t B u  < ieoPr  < n-Am < i ^ P r  < isoBu 
isoBuMgBr n - Pr <'n-Am <  isoBu <  d ü b o B u  < iaoP r  <  t e r tB u
How th e s e  r e s u l t s  f i t  in  w ith  th e  meohanism o f  r e a c t i o n  
w i l l  he  d i s c u s s e d  in  P a r t  I I I  o f  t h i s  t h e s i s .
«
r-i-
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Key to  f a b l e s  I  t o  XVII
U n less  o th e rw is e  m en tioned  in  th e  t e x t ,  th e s e  
t a b l e s  show th e  volumes o f g a s ,  in  m i s . , o b ta in e d  
when 1 gn .m ol. o f each k e to n e  was added t o  a 
s o l u t i o n  o f th e  a p p r o p r ia t e  G r ig n a rd  r e a g e n t  
made from  2 gm. atoms o f  magnesium.
TABLE I
Rryx Me.CQEt Me CO.n-Fr Me.CÛ6o(V Me.C0n-5u Me.C0.iâo6u, Ne.CÛtertBu n.e.CÛTi-Am làoFV.CûtsoPr i5oBU.CO.I;ioBu
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T ab le  I I
RMeBr T o ta l  v o l s a t u r a t e d u n  s a t u r a t e d ‘^ a a td .
n -B u 4 ,0 0 0 2 ,0 0 0 2 ,0 0 0 6 0 .0
n - P r 7 ,0 0 0 3 ,3 0 0 3 ,8 0 0 4 5 .7
isoB u 1 7 ,0 0 0 1 ,6 0 0 1 5 ,4 0 0 9 . 4
aeo -B u 1 7 ,0 0 0 9 ,4 0 0 7 ,6 0 0 u 5 .5
i a o P r 1 7 ,2 5 0 1 0 ,8 0 0 6 ,4 5 0 , 6 1 .3
T a b le  I I I
'
S e t h ^ l i s o u r o p v l  k e to n e
RMRBr T o t a l  v o l s a t u r a t e d u n s a t u r a t e d s a t d .
n-B u 8 ,5 0 0 3, 500 5 ,0 0 0 4 1 .3
n - P r 1 4 ,1 0 0 4 ,7 0 0 9 ,4 0 0 3 3 .3
iaoB u 2 0 ,5 0 0 3 ,2 0 0 1 7 ,3 0 0 1 5 .6
s e c -B u 2 1 ,8 0 0 1 1 ,6 0 0 1 0 ,3 0 0 5 8 .5
i a o P r 2 6 ,5 0 0 1 8 ,8 5 0 7 ,6 5 0 7 1 ,2
RMg^r
n-Bu
n - P r
leoB u
ig o P r
9 6 0 -Bu
T a b le  IT 
M ethy l 1sob u t v l  k e to n e  
T o t a l  v o l . s a t u r a t e d
6 .5 0 0
8 .5 0 0  
1 8 ,0 0 0  
1 9 ,5 0 0  
20,000
3 ,1 0 0
3 ,9 0 0
3 ,4 0 0
1 5 ,9 5 0
1 3 ,1 0 0
u n s a t u r a t e d
3 ,4 0 0
4 .6 0 0  
1 5 ,6 0 0
3 .6 0 0  
6 ,9 0 0
j s a t d .
4 7 . 6  
4 5 .8
1 3 .3
8 1 . 4
6 5 .6
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T a b le  V 
M ethyl t e r t - b u t v l  k e to n e
RlfeBr T o ta l  v o l . s a t u r a t  ed u n s a t u r a t e d a t  d .
n-B u 1 9 , 500 6 ,9 0 0 1 2 ,6 0 0 3 5 .4
n - P r 2 1 ,5 0 0 6 ,3 0 0 1 5 ,2 0 0 2 9 .3
IsoB u 2 3 ,5 0 0 5 ,0 0 0 1 8 ,5 0 0 2 1 .3
se c -B u 2 4 ,6 0 0 1 2 ,0 0 0 1 2 ,6 0 0 4 8 .8
i s o P r 3 6 ,7 5 0 1 8 ,7 0 0 8 ,0 5 0 7 0 .0
T a b le  VI 
M ethy l n -am vl k e to n e
RMRBr T o ta l  v o l . s a t u r a t e d u n s a t u r a t e d s a t d .
n-Bu 8 ,0 0 0 3 ,0 0 0 3 ,0 0 0 5 0 .0
n - P r 6 ,0 0 0 3 ,0 0 0 3 ,0 0 0 5 0 .0
iaoB u 1 8 ,0 0 0 2 ,2 0 0 1 5 ,8 0 0 1 2 .8
Sco-Bu 1 8 ,5 0 0 1 0 ,4 0 0  . 8 , 1 0 0 5 6 ,2
I s o  P i 1 9 ,5 0 0 1 3 ,0 0 0 6 ,5 0 0 6 6 .6
T a b le  7 1 1
d i i s o b u t v l  k e to n e
RMsBr T o t a l  v o l . s a t u r a t e d u n s a t u r a t e d a s a t d .
n -B n 9 ,7 5 0 3 ,9 0 0 5 ,8 5 0 4 0 ,0
i s o P r 1 9 ,7 5 0 1 7 ,0 0 0 2 ,7 5 0 8 6 . 0
leo B u 2 1 ,7 5 0 3 ,3 0 0 1 8 ,4 5 0 1 5 .4
se c -B u 2 5 ,0 0 0 1 1 ,7 0 0 1 3 ,3 0 0 4 6 .8
76 .
RMgBr
n-B u
n - P r
i a o P r
aeo-B u
T a b le  V I I I  
d i i s o n r o p Y l  k e to n e  
T o t a l  v o l . s a t u r a t e d  
1 7 ,0 0 0  2 ,8 0 0
2 3 ,4 0 0  4 ,9 0 0
2 3 ,5 0 0  8 ,0 0 0
2 9 ,7 5 0  3 ,6 0 0
u n a a t u r a t e d  
1 4 ,2 0 0
1 8 .5 0 0
1 7 .5 0 0  
3 6 ,1 5 0
T a b le  IX 
n - n ro u v lm a z n e a  ium b ro m id e
T a b le  X 
i a o proDV lm agneaium  b ro m id e
s a t d .
1 8 .5  
2 0 .9
2 5 .5  
12.1
K etone T o t a l  v o l . s a t u r a t e d u n a a t u r a t e d * sa'
Me. n&m 8 ,0 0 0 3 ,0 0 0 3 ,0 0 0 5 0 .0
Ue.ijPx 7 ,0 0 0 3 ,9 0 0 3 ,8 0 0 4 5 .7
M e .iso B u 8 ,5 0 0 3 ,9 0 0 4 ,6 0 0 4 5 .8
Me. la o P r 1 4 ,1 0 0 4 ,7 0 0 9 ,4 0 0 3 3 .3
M e . te r tB u 2 1 ,5 0 0 6 , 300 1 5 ,2 0 0 2 9 .3
D i i a o P r 2 3 ,4 0 0 4 ,9 0 0 1 8 ,5 0 0 3 0 .9
K etone T o ta l  v o l . s a t u r a t e d u n a a t u r a t e d s a t d
M e .n -P r 1 7 ,2 5 0 1 0 ,8 0 0 6 ,4 5 0 6 8 .6
Me. n-Am 1 9 ,5 0 0 1 3 ,0 0 0 6 ,5 0 0 6 6 .6
Me. isoB u 1 9 ,5 0 0 1 5 ,9 5 0 3 ,5 5 0 8 1 .8
D liso B u 1 9 ,7 5 0 1 7 ,0 0 0 2, 750 8 3 . 0
D i ia o P r 3 3 ,5 0 0 6 ,0 0 0 1 7 ,5 0 0 2 5 .5
M e . i s o P r ,2 6 ,5 0 0 1 8 ,8 5 0 7 ,6 5 0 7 1 .2
M e . te r tB u 2 6 ,7 5 0 1 8 ,7 0 0 8 ,0 5 0 7 0 .0
77.
T a b le  I I  . 
n-butYlmagnsBium bromide
K etone T o t a l  v o l . s a t u r a t e d u n a a t u r a t e d i  s a t d .
Ms. n - P r 4 ,0 0 0 2 ,0 0 0 2 ,0 0 0 5 0 .0
Me. n-Am 6 ,0 0 0 3 ,0 0 0 3 ,0 0 0 5 0 .0
M e.ieoB u • 6 ,5 0 0 3 ,1 0 0 3 ,4 0 0 4 7 .6
Me, i s o P r 8 ,5 0 0 3 ,5 0 0 5 ,0 0 0 . 4 1 .2
D iia o B u 9 ,7 5 0 3 ,9 0 0 5 ,8 5 0 4 0 .0
D i ia o P r 1 7 ,0 0 0 2 ,8 0 0 1 4 , ^ 0 1 8 .5
M e . t e r tB u 1 9 ,5 0 0 6 ,9 0 0 1 2 ,6 0 0 3 5 .4
T a b le X II
lao b u tY lm a en ee iu m  b ro m id e
K etone T o t a l  v o l . s a t u r a t e d u n a a t u r a t e d 4 s a t d .
M e .n -P r 1 7 ,0 0 0 1 ,6 0 0 1 5 ,4 0 0 9 .4
Me.n-Am 1 8 ,0 0 0 2 ,2 0 0 1 5 ,8 0 0 1 2 .2
Me iso B u 1 8 ,0 0 0 2 ,4 0 0 1 5 ,5 0 0 1 3 .3
Me. i s o P r 2 0 ,5 0 0 3 ,2 0 0 1 7 ,3 0 0 1 5 . 6
D iis o B u 2 1 ,7 5 0 3, 300 1 8 ,4 5 0 1 5 .3
He, t e r t B u 2 3 ,5 0 0 5 ,0 0 0 1 8 ,5 0 0 2 1 .3
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T a b le X I I I
ae o- b u t  y lm arn e  s ium b rom id e
Ket one T o ta l  v o l . s a t u r a t e d u n s a t u r a t e d j s a t d .
M s .n -P r 1 7 ,0 0 0 9 ,4 0 0 7 ,6 0 0 5 5 .5
Me.n-Am 1 8 ,5 0 0 1 0 ,4 0 0 8 ,1 0 0 5 6 .2
M e.iaoB u 2 0 ,0 0 0 13 ,1 0 0 6 ,9 0 0 6 5 .5
M s . l a o P r 2 1 ,8 0 0 1 1 ,6 0 0 1 0 ,3 0 0 5 3 .2
Ms. t e r t B u 3 4 ,600 1 2 ,0 0 0 1 2 ,6 0 0 4 8 .8
D iiso B u 3 5 ,0 0 0 1 1 ,7 0 0 1 3 ,3 0 0 4 6 .8
D i ia o P r 2 9 ,7 5 0 3 ,6 0 0 2 3 ,1 5 0 1 3 .1
T a b le  XIV
M ethyl e t h y l  k e to n e
RMsBr T o ta l  v o l . s a t u r a t e d u n a a t u r a t e d :fc s a t d .
n-B u 7 ,0 0 0 3 ,3 0 0 3 ,7 0 0 4 7 .1
n - P r 7 ,7 5 0 3 ,5 0 0 4 ,  250 4 5 .2
io o P r 1 6 ,4 0 0 1 4 ,2 0 0)
2 ,4 0 0 8 6 .8
- • T ab le XV
• M ethyl n - b u t v l  k e to n e
RM?Br T o tg l  v o l . s a t u r a t e d u n a a t u r a t e d s a t d .
B5Q-Bu 1 5 ,0 0 0 9 ,0 0 0 6 ,0 0 0 6 0 .0
ia o P r 1 6 ,0 0 0 1 2 ,3 0 0 3 ,8 0 0 7 6 .2
The r e s u l t s  o b t a i n e d  w i th  m e th y l  e t h y l  k e to n e  and m e th y l 
n - b u t y l  k e to n e  a r e  n o t  in c lu d e d  in  t a b l e s  I I  t o  X I I I  s i n c e  t h e y  
w ould  i n t e r r u p t  t h e  o o m p le te n e a a  o f  t h e s e  t a b l e s .  In s '^ ead  
t h e y  a r e  g iv e n  s e p a r a t e l y ,  b u t  a r e  d i s c u s s e d  w i th  t h e  o t h e r  
r e s u l t s  i n  P a r t  I I I *
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T e r t i a r y  b u tv lm a a ^ e s i im  b rom ide
O nly trfo e x p e r im e n t s  w ere  made w i th  t h i s  r e a g e n t ,  
b e c a u s e  t h e  d i f f i c u l t y  i n  p r e p a r i n g  th e  G r ig n a r d  s o l u t i o n ,  
and  t h e  m o u n t  of d e c o m p o s i t io n  t h a t  o c c u r s  i n  i t s  p r e p a r a t i o n ,  
do n o t  a l lo w  a  f a i r  c o m p a r iso n  w ith  t h e  o t h e r  G r ig n a r d  r e a g e n t s  
u s e d ,  and  t h e  c o n c l u s i o n s  drawn from  t h e  r e s u l t s  o b t a i n e d  
w ould be  o n ly  t e n t a t i v e .  The f o l l o w i n g  r e s u l t s  w ere o b t a i n e d  
w i th  t e r t  - b u t  vim agne s  ium b ro m id e .
T a b le  XVI
K etone T o t a l  v o l .  s a t u r a t e d  u n a a t u r a t e d  ^  s a t d .
Me. E t  1 8 ,5 0 0  7 ,1 0 0  1 1 ,4 0 0  3 8 .3
Me. isoB u 21 ;0 0 0  1 1 ,3 0 0  9 ,7 0 0  5 3 .8
Tlie f r a c t i o n a t i o n  t a b l e s  ( p p a r e  in  a g re e m e n t  w i th  
t h e s e  r e s u l t s .  An im p o r ta n t  f e a t u r e  in  t h e s e  r e a c t i o n s  i s  
t h e  f o r m a t i o n  o f  d i - t e r t - b u t v l  ( h e x a m e th y le th a n e ) , w h ich  
d i s t i l l e d  w ith  t h e  low b o i l i n g  p r o d u c t  o f  e a c h  r e a c t i o n .  In  
t h e  m e th y l e t h y l  k e to n e  r e a c t i o n  a  d i s t i l l a t e  o f  d i - t a r t - b u t y l  
and m e th y l  e t h y l  c a rb  i n o l  was o b t a i n e d ,  w h i le  i n  t h e  m e th y l  
i s o b u t y l  k e to n e  r e a c t i o n  a  d i s t i l l a t e  o f  d i - t e r t - b u t y l  and 
m e th y l  i a o b u t y l  k e to n e  was o b t a i n e d .  E a r l i e r  a t t e m p t s  
( E x p t s .3 2 )  t o  p r e p a r e  d i - t e r t - b u t y l  by n o rm a l G r i g n a r d  ' 
m e th o d s  h a d  f a i l e d .  The o n ly  way i n  w hich  a  sm all am ount.
8 0 .
0 .5  gm, o f  d i - t e r t - b u t v l  was o b t a i n e d  was f ro m  t h e  a c t i o n  
o f  a n h y d ro u s  c u p r i c  c h l o r i d e  on t e r t  - b u t  vim a?n e  s  lum b ro m id e ,  
(The u s e  o f  c u p r i c  c h l o r i d e  in  eùch a  r e a c t i o n  was f i r s t  
r e p o r t e d ,  f o r  d ip h e n y l ,  by K r iz e ^ s k y  and T u rn e r  (1 9 1 9 )7 5 )
None was o b t a i n e d  from  th e  o rd in a ;ry  G r ig n a r d  r e a c t i o n s
t e r t - BuMgBr 4- t e r t - BuBr 
tert_-BuMgCl + t e r t - BuCl 
and  none was o b t a i n e d  when a n h y d ro u s  c o b a l t  c h l o r i d e  was u s e d  
in  an  a t t e m p t  t o  p ro m o te  th e  f o r m a t io n  o f  f r e e  r a d i c a l s .  Yet 
t h e  i n f l u e n c e  o f  t h e  t  ?o k e t o n e s  r a i s e s  t h e  y i d l d  o f  d i - t e r t -  
b u t y l  t o  s e v e r a l  gra. T h i s  c e r t a i n l y  m eans t h a t  t h e  G r ig n a r d  
r e a g e n t  d i s s o c i a t e s  i n t o  f r e e  r a d i c a l s ,  and  i t  seems t h a t  
th e  u n i o n ,  i f  n o t  t h e  p r e s e n c e ,  o f  f r e e  r a d i c a l s ,  i s  p r œ o t e d  
by  th e  k e t o n e s .
E x p e r im e n ts  uainpc G r ig n a r d  C h l o r i d e s .
The p r o b a b i l i t y  t h a t  a  change i n  t h e  h a l i d e  o f  a  
G r ig n a r d  r e a g e n t  i n f l u e n c e s  t h e  e x t e n t  and ty p e  o f  r e a c t i o n  
t a k i n g  p l a c e  n e c e s s i t a t e d  some e x p e r im e n ts  b e in g  made w i th  
a l  k ylm agne s ium c h l o r i d e s .  G r ig n a r d  and S a v a x d ^ l  ( p 3 3 )
c o n c lu d e d  t h a t  t h e  é n o l i s a t i o n  o f  p u l e  gone d im i n i s h e s  w i th  
i n c r e a s i n g  a to m ic  w e ig h t  o f  t h e  G r ig n a r d  h a l o g e n ,  and 
G r i g n a r d  and  B la n c h o n ^ ^  r e p o r t e d  t h a t  l e a s  é n o l i s a t i o n  was 
c a u s e d  by G r ig n a r d  c h l o r i d e o  t h a n  b y  b rc s n id e s ,  b u t  t h a t  in  
g e n e r a l  i o d i d e s  c a u se d  l e s s  é n o l i s a t i o n  t h a n  b ro m id e s  t o o .  
D u b o is^ ^  ( p 5 1 )  fo u n d  t h a t  isg p ro p y lm a g n e s iu m  c h l o r i d e  ca u se d
8 1 .
62^ c o n d e n s a t io n  o f p in a o o lo n e ,  w h erea s  iao p ro p y lm ag n es lu m  
b ro m id e  c a u se d  o n ly  30^ .
E x p e r im e n ts  w ere made u s in g  i s o p r o p y l  and s e c - b u ty l  
m agnesium  c h l o r id e s  on p in a c o lo n e .  In  th e  t a b l e  b e lo w  th e  
v o lu m es  o f g a s  c o l l e c t e d  a re  com pared w ith  th o s e  fro m  th e  
u s e  o f  th e  b ro m id e s , ( I n  th e  c a s e  o f e e c - butylm agcnesium  
c h l o r id e  o n ly  h a l f  q u a n t i t i e s  w ere u s e d ,  so t h a t  t h e  g a s  
v o lu m es h av e  b e e n  d o u b le d  f o r  th e  p u rp o se  o f c o m p a r is o n ,)
T a b le  XVII
G r i^ n a r â  r e a g e n t  T o ta l  v o l .  s a t u r a t e d  u n s a td ,  ^  s a td .
iaoPrM gBr 2 6 ,7 5 0  1 8 ,7 0 0  8 ,0 5 0  7 0 .0
iso P r ttg C l 2 5 ,0 0 0  ^ 1 ,1 0 0  3 ,9 0 0  8 3 .2  .
sec-BuM gBr 2 4 ,6 0 0 0  1 2 ,0 0 0  1 3 ,6 0 0  4 8 .8
sec-BuM gCl 2 4 ,5 0 0  1 2 ,6 0 0  1 1 ,9 0 0  5 1 ,4
T hese t a b l e s  show t h a t  in  each  c a s e  th e  amount o f s a t u r a t e d  
g a s  i s  g r e a t e r  f o r  t h e  c h l o r i d e s ,  and t h a t  th e  p e r c e n ta g e  o f 
th e  t o t a l  vo lum e r e p r e s e n t e d  by  th e  s a t u r a t e d  g as  i s  a l s o  
g r e a t e r  f o r  th e  c h l o r i d e s .
I n s t e a d  o f  t h e  g r e a t  d i f f e r e n c e  in  t h e  am ounts o f  k e t o l  
o b ta in e d  by D u b o is , t h e  e x p e r im e n ts  w ith  is o p r o p y l  m agnesium  
b ro m id e  and c h lo r id e  (E x p ta .lO  & 1 5 ) show th e  f o l lo w in g  
r e s u l t s .
T a b le  X V III
G rip rnard  r e a g e n t  am p in a o o lo n e  mn p in a c o ly l-O H  gm k e t o l
iso P rlfe B r 20 10 44
isoPrM gC l . 3 6  5 35
8 2 .
Where Exp t .  (10 ) d i f f e r s  fro m  D ubo is to o  i s ,  a s  a l r e a d y  n o te d ,  
in  t h e  fo rm a t io n  o f th e  re d u c e d  k e t o l ,  o f  w h id i 6 gm w ere 
o b ta in e d *  (T h is  i s  in c lu d e d  in  th e  44  gm above)
The e x p e r im e n ts  w ith  se c - b u t  vlm agne a ium b ro m id e  and  
c h lo r id e  show th e  f o l lo w in g  r e s u l t s :
T a b le  XIX
G rig n a rd  r e a g e n t  gm p in a o o lo n e  gm o in a c o ly l-O H  gm k e t o l  
s e c -B uHgBr -  4 5 /  2 3 8 /2
se c -B uMgCl 7 17 15
I n s p e c t io n  o f  E x p t, (2 9 ) w i l l  show th a t  th e  f i g u r e s  f o r  
p in a o o lo n e  and p in a c o ly l  a lc o h o l  a r e  com puted from  r e f r a c t i v e  
i n d i c e s ,  s in c e  th e  s e p s x a t io n  o f th e  k e to n e  and a l c o h o l  was 
n o t  s h a rp .  The f i g u r e  f o r  th e  k e t o l  from  t h e  b ro m id e  
in c lu d e s  t h e  re d u c e d  k e t o l ,  o f  w hich  5 gm w ere o b ta in e d .
E x p e r im e n ts  u s in g  low  te m p e r a tu r e s .
The th e o r y  t h a t  r e d u c t io n ,  é n o l i s a t i o n ,  and c o n d e n s a t io n  
by G r ig n a rd  r e a g e n t s  go th ro u g h  an  a d d i t i o n  s ta g e  h a s  b e e n  
u p h e ld  by many w o rk e rs . One o f  th e  p ro p s  o f  t h i s  th e o r y  
Was t h a t  th e  e x te n t  o f  anom alous r e a c t i o n  i s  d im in is l ie d  by  
w o rk in g  a t  low  t a n p a r a t u r e s ,  and in c r e a s e d  by  w o rk in g  a t  h i ^  
t e m p e r a tu r e s ,  th e  s ig n i f i c a n o e  b e in g  t h a t  th e  b reakdow n  o f  
a n  a d d i t i o n  com plex i s  in f lu e n c e d  by  te m p e r a tu r e .  T h is  h a s  
b e e n  d lB cu ee ed  by R h e in b o ld t and  R oleffT i*(pp l3rJS  f o r  r e d u c t io n .
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and  by G r ig n a rd  and S a v a rd ^ l  (p55) f o r  é n o l i s a t i o n .  Con­
d e n s a t io n  h a s  n o t h a d  a  te m p e r a tu r e  r e s t r i c t i o n  p la c e d  upon  
i t .  T h is  i s  p r o b a b ly  due o n ly  to  t h e  f a c t  t h a t  c o n d e n s a t io n  
was n o t  f u l l y  r e c o g n is e d  a s  su c h , M eisen h e im er^  ( p l 6 ) 
h o / e v e r ,  s a y s  t h a t  te m p e r a tu r e  in f lu e n c e s  r e d u c t io n  o n ly  t o  a  
sm a ll e x t e n t ,  w h ile  B l io k e  and  P o w e rs ^  (pZJL) fo u n d  t h a t  th e  
a c t i o n  o f  n -p ro p y lm ag n es iu m  io d id e  on benzo p h en o n e  g av e  50^ 
y i e l d  o f b e n z h y d ro l  a t  0 ^ . K h a ra sd i and  W einhouse (1936) 
fo u n d  t h a t  th e  r e d u c t io n  o f  ben zo p h en o n e  b y  n -b u t  ylm agne s  ium 
b ro m id e  v a r i e d  o n ly  s l i ^ t l y  when th e  r e a c t i o n  was c a r r i e d  o u t 
a t  lo.v t e m p e r a tu r e s .  The v iew  t h a t  te m p e r a tu r e  in f lu e n c e s  
r e d u c t i o n  o n ly  t o  a  s m a ll  e x te n t  i s  in d e e d  c o r r e c t ,  and  
a p p l i e s  e q u a l ly  t o  c o n d e n s a t io n  and  é n o l i s a t i o n .  The p r e s e n t  
w r i t e r  f i n d s  t h a t  i n t e r a c t i o n  o f  l^o p ro p y lm ag n esiu m  b ro m id e  
and  m e th y l ia o b u t y l  k e to n e  a t  -1 0 ^  to  -3 0 ^  (E x p t. 8 ) ,  o f  
i s o b u ty lm ag n e s iu m  b ro m id e  and m e th y l is o b u t y l  k e to n e  a t  -4 0 ^  
t o  -5 0 ^  (E x p t, 1 9 ) ,  and s e o -b u t ylm agne s  ium b ro m id e  and m e th y l 
i a o b u ty l  k e to n e  a t  -4 5 0  to  -5G^ (E x p t . 2 6 ) ,  n e i t h e r  p r e v e n te d  
n o r  m a rk ed ly  d im in is h e d  th e  r e d u c t i o n ,  é n o l i s a t i o n ,  and  co n ­
d e n s a t io n  a l r e a d y  fo u n d  t o  o c c u r  in  th e s e  r e a c t i o n s .
Below  a r e  g iv e n  th e  r e s u l t s  o b ta in e d  fro m  th e s e  r e a c t i o n s  
com pared w ith  th e  same r e a c t i o n s  in  b o i l i n g  e t h e r .
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P ro d u c t
T a b le  XX
IsoBuMgBr + m o th v i i a o b u ty l  k e to n e
B o i l in g
S o lu t io n  (Ex. 18) C o ld  (E x .1 9 )
gm S £
K etone 0 1 0
aec-QH 48 50
te r t -O H 45 35
K e to l 2 2
T a b le  XXI
sec-BuMgBr ^  m e th y l i s o b u ty l  k e to n e
B o i l in g
P ro d u c t S o lu t io n  (Ex, 35) C o ld  (E x . 2 6 )
gm gm
K etone 10
8 6 0- OH 16 7
te r t-O H 18 18
K e to l 57 59
T ab le  XXII
iaoPrMffBr + m e th y l i a o b u ty l  k e to n e
B o i l  in g
P ro d u c t S o lu t io n  (Ex. 7) C o ld  (Ex.B )
gm gm
K etone 2 .5 -
sec-OH 2*5 0
te r t-O H 3 1 .0 34
K e to l 53*0 46
These1 r e s u l t s  i n d i c a t e  t h a t t h e r e  i s  no p r e v e n t io n  o f
anom alous r e a c t i o n ,  b u t t h e r e  i s a  te n d e n c y  f o r  r e a c t i o n  to
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be in c o m p le te  a t  th e  low  te m p e r a tu r e s  u s e d ,  a s  shown by  th e  
k e to n e  an d  t e r t i a r y  c a irb in o l in  T a b le  XX, and  th e  k e to n e  in  
T a b le  X II
I f  t h e  volum e o f  g a s  e v o lv e d  in  th e  c o ld  e x p e r im e n ts  
w ere t a k e n  a s  an i n d i c a t i o n  o f  th e  e x t e n t  o f  anom alous 
r e a c t i o n ,  th e n  one w ould  in d e e d  c o n c lu d e  t h a t  t h e s e  r e a c t i o n s  
w ere i n h i b i t e d .  H ow ever, t h e  mu a l l  vo lum e o f  g a s  e v o lv e d  in  
e a c h  c a s e  i s  due e n t i r e l y  t o  th e  s o l u b i l i t y  o f t h e  g a s e s  in  
e t h e r  a t  low te m p e r a tu r e s .
The f o l lo w in g  s o l u b i l i t i e s  a r e  g iv e n  in  th e  l i t e r a t u r e :
P ro p a n e  9$26 v o l s ,  d i s s o lv e  in  1 v o l  e t h e r  a t  3-6 , 6^
Letoeau (1905) 
P ro p y le n e  1 6  v o le  d i s s o lv e  in  1 v o l  e t h e r
B e r t h e l o t  (1 8 5 5 )^ 3
The I n f lu e n c e  o f  C o b a lt  C h lo r id e .
The w ork o f K har a s  oh an d  c o - w o r k e r s ^  h a s  shown t h a t  
s m a ll  am ounts o f  a n h y d ro u s  cob a l  t o u s  d i l o r i c  c a t a l y t  i c a l l y  
p ro m o te s  f r e e  r a d i c a l  m echan ism s in  G r ig n a rd  r e a c t i o n s .  An 
e x p e r im e n t (9 ) w as t h e r e f o r e  made u s in g  th e  p r o c e d u r e  o f  
K h a ra sc h , in  w hich  t h e  r e a c t i o n  b e tw e e n  ia o p ro p y lm ag n ea iu m  
b ro m id e  and m e th y l ia o b u t y l  k e to n e  was c a r r i e d  o u t in  th e  
p r e s e n c e  o f  c o b a l to u s  d t i l o r id e .  T h ere  was a  p ro n o u n c e d  
i n c r e a s e  in  th e  am ount o f  m e t h y l i s o b u ty l c a r b i n o l  o b ta in e d
86.
fxoffl t h i s  r e a c t i o n  com pared  w ith  t h e  amount c o n ta in e d  
f ro m  a  s i m i l a r  r e a c t i o n  c o n ta in in g  no c o b a l to u s  c à ilo r id e  
( E x p t .8 ) .  •
T a b le  X X III 
E i o d u s t  no C0C I3 C0 C I2
a e o - Oli 0 14
t e r t - OH 34 25
k e t o l  46  39
At th e  oaiiie tim e  t h e r e  was a d e c re a s e  in  th e  am ounts o f  
t e r t i a r y  c a rb  in o l  an d  k e t o l  fo rm ed .
P A R T  I I I
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D is c u s s io n
I n  d i s c u s s i n g  th e  m echanism  by w h ich  a  G rig n a rd  
r e a g e n t  and a  c a rb o n y l  compound may r e a c t  a b n o rm a lly  i t  i s  
• f i r s t  n e c e s s a r y  to  d i s t i n g u i s h  b e tw e en  th e  two ty p e s  o f  
m echan ism  a l r e a d y  r e p o r t e d ;  t h a t  i s ,  b e tw een  t h e  m echanism  
o f  p r e l im in a r y  a d d i t i o n ,  and  th e  m echanism  in v o lv in g  a  
d i s s o c i a t e d  G r ig n a rd  r e a g e n t .
t
The M echanism  o f  P r e l im i n a r y  A d d i t io n .
The th e o r y  t h a t  r e d u c t io n  and c o n d e n s a t io n  o f
c a rb o n y l  com pounds b y  G r ig n a rd  r e a g e n t s  w en t th ro u g h  a
p r e l im in a r y  a d d i t i o n  s t a g e  d e v e lo p e d  from  th e  HMgX h y p o th e s i s
o f  H ess and  R h e in b o ld t^  i n  th e  c a s e  o f  r e d u c t i o n ,  and from
th e  c o n d e n s in g  a c t i o n  o f  a lu m in iu m  a l c o h a t e s  (T is tc h e n k o ^ ® )
i n  t h e  c a s e  o f  c o n d e n s a t io n .  The HMgX h y p o th e s i s  l e d  th ro u g h
a s e r i e s  o f  p a p e r s  on  c o o r d in a t io n  com plexes and t h e i r
l i a b i l i t y  to  b r e a k  dow n, up to  t h e  o p in io n  o f  S h a n k la n d  and 
18Gomberg t h a t  r e d u c t io n  was a  f u n c t i o n  o f  th e  a l c o h o l a t e  
fo rm ed  b y  a d d i t i o n  o f  t h e  G r ig n a rd  r e a g e n t  t o  t h e  c a rb o n y l  
com pound. A lc o h o la te  c o n d e n s a t io n s  w ere  i n v e s t i g a t e d  a t
l e n g t h  by  G r ig n a rd  and  D u b ien s and by  G r ig n a rd  and  P l u c h a i r e ^
51and w ere  a p p l i e d  to  é n o l i s a t i o n  by  G r ig n a rd  and  S a v a rd  . 
C o n d e n s a tio n  v i a  a d d i t i o n  was a l s o  r e c e n t l y  r e i t e r a t e d  by  
D ubois b u t  q u e s t io n e d  by  th e  same a u th o r  i n  a  l a t e r  
p a p e r^ ^ ;  no a l t e r n a t i v e  was s u g g e s te d .
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H ow ever,, w h e th e r  o r  n o t  t h e s e  m echanism s o f  
r e d u c t i o n , ,  é n o l i s a t i o n ,  and  c o n d e n s a t io n  by  a l c o h o l a t e s  
a r e  th o s e  s u g g e s te d  b y  th e  v a r io u s  a u th o r s  i s  n o t  u n d e r  
d i s c u s s io n . .  What i s  i n  q u e s t io n  i s  w h e th e r  t h e s e  m echanism s 
a r e  a p p l i c a b l e  to  G r ig n a rd  r e a c t i o n s .  T h e re  a r e  s e v e r a l  
r e a s o n s  f o r  b e l i e v i n g  th e y  a r e  n o t .
F i r s t ,  su p p o se  t h a t  c o n d e n s a t io n  d o es  go th ro u g h  
a  s t a g e  o f  p r e l im in a r y  a d d i t i o n .  I n  th e  r e a c t i o n  b e tw e en  
iso p ro p y lm a g n e s iu m  b ro m id e  and m e th y l i s o p r o p y l  k e to n e  th e  
m a jo r  p r o d u c t  h a s  b e e n  shown to  b e  t h e  c o n d e n s a te  ( E x p t .5 ) .  
U s in g  an  a d d i t i o n  m ech an ism , th e  c o n d e n s a te  i s  fo rm ed  a s  
f o l lo w s ;  th e  i n i t i a l l y  fo rm ed  a l c o h o l a t e  (l) r e a c t s  w i th  t h e  
k e to n e  t o  fo rm  th e  k e t o l a t e ,  w h ich  on h y d r o ly s i s  g iv e s  t h e  
k e t o l ,  th e  c o n d e n s a te  o f  E x p t .6 .
i s o P r  ^  yOMgBr i s o P r
Me
M  -----------------)
ls o p r ,C .(O H ) , G H o»OO.isoPr 
I
CH3
I n  th e  r e a c t i o n  b e tw e e n  i s o p ropy lm agnesixun  b ro m id e  
and m e th y l n - p r o p y l  k e to n e  ( E x p t .  4) i t  h a s  b e e n  shown t h a t  
a l th o u g h  th e  m a jo r  p r o d u c t  i s  th e  t e r t i a r y  c a r b l n o l ,  a  f a i r  
am ount o f  c o n d e n s a te  i s  fo rm ed . I n  u i  a d d i t i o n  m echanism
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t h e r e f o r e ,  t h e  f o l lo w in g  h a p p e n s .
n - P r
OMgBr /
/  +  G  = - - 0
I I  I \ [ ^ O P r  H>GHo
Me ^
nPr-G .(OH)< CHg.CO.nPr
Me
H ow ever, i n  th e  r e a c t i o n  b e tw een  n -p ro p y lm ag n es iu m  
b ro m id e  and  m e th y l i s o p r o p y l  k e to n e  (E x p t .  2) o n ly  a  v e r y  
s m a ll  am ount o f  c o n d e n s a te  i s  fo rm ed , n e a r l y  a l l  th e  p r o d u c t  
b e in g  th e  t e r t i a r y  c a r b i n o l .  T h a t i s ,  th e  a d d i t i o n  com plex  I I I
OMgBr
i s o P r — 6— n P r  I I I
Me
h a s  n o t  b e e n  i n c l i n e d  to  co n d e n se  w ith  m e th y l i s o p r o p y l  k e to n e .
S u r e ly ,  i f  a l c o h o l a t e  I I  w i l l  co n d en se  w i th  m e th y l 
i s o p r o p y l  k e to n e ,  i s  i t  n o t  l i k e l y  t h a t  a l c o h o l a t e  I I I  w i l l  
c o n d e n se  w i th  m e th y l i s o p r o p y l  k e to n e  to o ?  A lc o h o la te  I I  
shows a  r e a d i n e s s  to  l o s e  i t s  i s o p r o p y l  g ro u p . I t  i s  
i d e n t i c a l  w i th  a l c o h o l a t e  I I I .  Y et when th e  G r ig n a rd  r e a g e n t  
u s e d  i s  n -p ro p y lm a g n e s iu m  b ro m id e , o n ly  a  s m a ll am ount o f  
c o n d e n s a t io n  o c c u r s .
The same r e a s o n in g  may be a p p l i e d  to  th e  r e a c t i o n s  
i 8opro p y Im ag n esiu m  b ro m id e  -e m e th y l i s o p r o p y l  k e to n e  
i s o p ro p y lm ag n esiu m  b ro m id e  t  m e th y l n - b u t y l  k e to n e  
n -b u ty lm a g n e s iu m  b ro m id e  + m e th y l i s o p r o p y l  k e to n e .
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W ith  r e d u c t i o n ,  to o  t h e r e  i s  an  i d e n t i c a l  f a i l u r e
o f  t h e  a l c o h o l a t e  th e o ry #  The a c t i o n  o f  1 so b utylm apsnesium
b ro m id e  on  m e th y l i s o b u t y l  k e to n e  c a u s e s  much r e d u c t i o n .  The
a c t i o n  o f  iso b u ty lm a g n e s iu m  b ro m id e  on  m e th y l n - p r o p y l  k e to n e
a g a in  c a u s e s  much r e d u c t i o n .  Y e t th e  a c t i o n  o f  n - p r o p y l -
m agnesium  b ro m id e  on  m e th y l i s o b u t y l  k e to n e  c a u s e s  l i t t l e
r e c u c t i o n .  I f  r e d u c t i o n  w ere  o c c u r r in g  by  way o f  t h e  b re a k
down o f  an  a d d i t i o n  co m p lex , th e  fo l lo w in g  r e a c t i o n s  w ould
h a v e  o c c u rre d *
M e. .OMgBr M e^  ^OMgBr
(1 )  C.    CH 4- i s o b u ty le n e
/  \  ^  —
Iso B n  Iso B u  iao B u
H e ^  OMgBr Me /OMgBr
(2 ) '•C  »  CH ^  I s o b u ty l e n e
n-B u Iso B u  n-B u
b u t  HOT
Me /OM gBr M e \  /O M gbr
(3 )  ^ 0     HO r I s o b u ty l e n e
iso B n  n-B u n-B u
I s  i t  n o t  to  b e  a s k e d  why th e  t h i r d  r e d u c t io n  d o e s  n o t  t a k e  
p la c e ?  T h e re  a r e  o f  c o u r s e  th e  p o s s i b i l i t i e s  t h a t  i n  th e  
f r e s h l y  fo rm ed  a l c o h o l a t e  th e  e n t e r i n g  g ro u p  i s  n o t  f u l l y  
a t t a c h e d  t o  th e  c e n t r a l  c a rb o n  a tom ; t h a t  i s ,  a s  i f  i t  w ere 
a  s t r a n g e r  i n  a  new home r a d  h ad  n o t  y e t  s e t t l e d  down, o r  
t h a t  th e  p l a c i n g  o f  c o o r d in a te d  e t h e r  m o le c u le s  a l t e r s  th e  
r e s p e c t i v e  r e l a t i v e  a r ra n g e m e n t o f  th e  g ro u p s  i n  e a c h  a l c o h o l a t e
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The w ork o f  t h e  HMgX and c o o r d in a te  s c h o o l o f  c h e m is ts  w ould  
u p h o ld  su c h  p o s s i b i l i t i e s ,  a s  in d e e d  R h e in b o ld t  and  R o le f f  
h a v e  done i n  r e a c t i o n s  in v o lv in g  i  sobu t y l  -  and  pheny lm agnesium  
b ro m id e s , b u t  th e  p r e s e n t  w r i t e r  f e e l s  t h a t  su c h  c o n c e p t io n s  
a s  t h e s e  a r e  s t r e t c h i n g  th e  a d d i t i o n  t h e o r i e s  t o  b r e a k in g  
p o i n t .
P r e l im in a r y  a d d i t i o n  a s  a  s t e p  to w a rd s  r e d u c t i o n ,  
é n o l i s a t i o n ,  and  c o n d e n s a t io n  i s  a g a in  q u e s t io n a b le  i n  th e  
l i g h t  o f  s t e r i c  h in d r a n c e .  The e f f e c t  o f  h in d r a n c e  on  th e  
e x t e n t  o f  é n o l i s a t i o n  h a s  b e e n  shown f u l l y  by  th e  work o f  
W hitm ore e t  ^  (p p  ) ,  w h ile  C onant and B l a t t ^ ^ a v e
i n v e s t i g a t e d  i t s  e f f e c t  on  r e d u c t i o n .  The p r e s e n t  w r i t e r ’ s 
e x p e r im e n ts  on  d i i s o p r o p y l  and  d i i s o b u t y l  k e to n e s  a l s o  show 
th e  i n f lu e n c e  o f  h in d r a n c e  on  é n o l i s a t i o n  and r e d u c t i o n .  I t  
i s  t h e r e f o r e  d i f f i c u l t  t o  e n v is a g e  th e s e  anom alous r e a c t i o n s  
a s  g o in g  th ro u g h  an  a d d i t i o n  s t a g e  i f  th e y  a r e  in c r e a s e d  by  
p r e v e n t io n  o f  a d d i t i o n .  And i f  c o n d e n s a t io n  in v o lv e s  th e  
e n o l a t e  i o n  o r  r a d i c a l ,  a s  i s  d i s c u s s e d  l a t e r ,  one c a n n o t g iv e  
t o  c o n d e n s a t io n  a  m echanism  w h ich  i s  p re c e d e d  by a d d i t i o n .
F i n a l l y  t h e r e  i s  th e  m a in s ta y  o f  th e  a d d i t i o n  
m echan ism s? th e  i n f l u e n c e  o f  t e m p e r a tu r e .  As i s  r e p o r t e d  on  
p p .8 5 ‘4 , lo w  t r a p e r a t u r e s  do n o t  p r e v e n t  anom alous r e a c t i o n s ,  
and  te m p e r a tu r e  h a s  no g r e a t  i n f l u e n c e  on  th e s e  r e a c t i o n s .
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I t  i s  th e  w r i t e r ’ s c o n c lu s io n ,  t h e r e f o r e ,  t h a t  
t h e s e  anom alous r e a c t i o n s  do n o t  in v o lv e  an  a d d i t i o n  s t a g e ,  
b u t  a r e  t h e  r e s u l t  o f  th e  a c t i o n  o f  d i s s o c i a t e d  G r ig n a rd  
r e a g e n t s .  How th e  m echan ism s o f  d i s s o c i a t e d  G r ig n a rd  
r e a g e n t s  w ork w i l l  now b e  d i s c u s s e d .
A"
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The M echanism s o f  D i s s o c ia t e d  G r ig n a rd  R e a g e n ts .
I n  o r d e r  to  come to  any  r e a s o n a b le  c o n c lu s io n s
a b o u t th e  m echan ism  o f  t h e  anom alous i n t e r a c t i o n  o f
d i s s o c i a t e d  G r ig n a rd  r e a g e n t s  and  c a rb o n y l  com pounds, i t  i s
e x p e d ie n t  to  b e g in  by  f i r s t  c o n s id e r in g  w hat m echan ism s a r e
p o s s i b l e ,  and  th e n  to  s e e  how e x p e r im e n ta l  e v id e n c e  s u p p o r ts
any s p e c u l a t i o n  on  m echan ism . The g r e a t e r  p a r t  o f  th e
p r e s e n t  w ork c o n c e rn s  th e  i n t e r a c t i o n  o f  m e th y l k e to n e s
and G r ig n a rd  r e a g e n t s ,  and  i t  i s  t h e r e f o r e  p r e f e r a b l e  t o
c o n f in e  d i s c u s s i o n  f o r  t h e  moment to  m e th y l k e t o n e s ,  and  to
c o n s id e r  c h a n g in g  th e  m e th y l g ro u p  l a t e r .
The p r o d u c t s  i n t o  w h ich  a  m e th y l k e to n e  R.Gd.CHg
may be  c o n v e r te d  by  th e  a c t i o n  o f  a  G r ig n a rd  r e a g e n t  c o n ta in in g
th e  g ro u p  a r e  a t  l e a s t  f o u r  i n  num ber# T h a t i s :
OH
(1 ) by  a d d i t i o n  1 (2 )  by  r e d u c t io n  R#CH.(OH)
R— C— I
CH3
(5 ) b y  é n o l i s a t i o n  (4 ) by  c o n d e n s a t io n
CH5
R# CO# CH3  R# CO.CHg (OH)-CC^
R
T h e r e f o r e  i t  i s  n e c e s s a r y  t o  c o n s id e r  a  c o n d i t i o n  from  w h ich  th e  
k e to n e  may b e  c o n v e r te d  i n t o  any  one o f  th e  above p r o d u c t s .  
F u r th e rm o re ,  s i n c e  i n  many c a s e s  i t  i s  p o s s i b l e  to  o b t a i n  a l l  
f o u r  p r o d u c ts  from  th e  same r e a c t i o n ,  i t  i s  n e c e s s a r y  t o  . 
c o n s id e r  a  c o n d i t i o n  o f  th e  k e to n e  w h ich  c a n  le a d  to  t h e  
s im u lta n e o u s  fo rm a t io n  o f  a l l  o f  t h e s e  p r o d u c t s .  A g a in , t h e
94
k e to n e  im ist be  i n  a  c o n d i t io n  from  w h ich  i t  i s  p o s s i b l e  to  
o b t a in  n o t  o n ly  th e  d im e r  ( 4 ) ,  b u t  a l s o  th e  t r i m e r ,  and  
p o s s i b l y  a  f o u r  o r  m ore m o le c u le  p o ly m e r.
The fo rm a t io n  o f  com pounds ( 2 ) ,  ( 3 ) ,  and  (4)  i s  
acco m p an ied  by  th e  e v o l u t io n  o f  g a s e o u s  p r o d u c ts  i n  th o s e  
c a s e s  i n  w h ich  th e  R’ r a d i c a l  o f  t h e  G r ig n a rd  r e a g e n t  c a n  
fo rm  a  g a s e o u s  p r o d u c t ,  and  th e  e v o l u t io n  c f  g as  h a s  b e e n  
o b s e rv e d  to  ta k e  p la c e  im m e d ia te ly  c o n ta c t  b e tw e en  th e  two 
r e a c t a n t s  i s  e s t a b l i s h e  i .  I t  i s  r e a s o n a b le  t o  .suppose t h a t  
f o r  a  k e to n e  to  ta k e  p a r t  i n  s e v e r a l  r e a c t i o n s  a t  th e  same 
tim e  l e a d in g  to  w id e ly  d i f f e r e n t  p r o d u c ts  i t  m ust be  i n  
an  u n u s u a l ly  a c t i v e  c o n d i t i o n ;  and  i t  i s  a l s o  r e a s o n a b le  
to  su p p o se  t h a t ,  s in c e  e v o l u t io n  o f  g a s  b e g in s  im m e d ia te ly  
c o n t a c t  i s  made b e tw e en  th e  k e to n e  and G r ig n a rd  r e a g e n t ,  
t h i s  c o n t a c t  b r in g s  th e  k e to n e  i n t o  i t s  a c t i v e  c o n d i t i o n .
I t  i s  w e l l  known t h a t  th e  c a rb o n y l  g ro u p  i s  
p o l a r i s e d ,  and t h a t  t h i s  p o l a r i s a t i o n  i s  a  p e rm a n en t f e a t u r e .  
T h e r e f o re  i t  may b e  s u g g e s te d  t h a t  t h e  a c t i v i t y  o f  th e  k e to n e  
l i e s  i n  i t s  p o l a r i s e d  c a rb o n y l  g ro u p . T liis  i s  q u i t e  
a c c e p ta b le  i f  one w is h e s  to  e x p l a in  p e rh a p s  th e  n o rm al 
a d d i t i o n  o f  a  G r ig n a rd  r e a g e n t ;
R»
(it ,^4- -  + /
4- R’ M gX    R— ^C^O M gX
CHs GHs
I t  i s  r e q u i r e d  to  e x p l a i n ,  h o w e v e r, a  h ig h e r  and v a r i a b l e
a c t i v i t y  w i t h i n  th e  m o le c u le ,  an  a c t i v i t y  w h ich  v a r i e s  w i th
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th e  G r ig n a rd  r e a g e n t  u s e d .  T h a t i s ,  an  a c t i v i t y  w h ich  i s  
s u b j e c t  to  th e  demand ijad e  u p o n  i t .  Such an  a c t i v i t y  i s  
a s s o c i a t e d  w i th  t h e  in d u e to m e r ic  e f f e c t ,  and i t  seem s t h a t  
i n  t h i s  e f f e c t  and th e  dem ands made f o r  i t s  o p e r a t i o n  l i e s  
some o f  th e  e x p l a n a t io n  o f  t h e s e  ab n o rm al r e a c t i o n s  w i th  . 
G r ig n a rd  r e a g e n t s .
W ith  t h i s  i n  m ind i t  i s  now p e r t i n e n t  to  c o n s id e r  
th e  anom alous r e a c t io n s #
E n o l i s a t i o n  and C o n d e n s a t io n .
I t  h a s  b e e n  fo u n d  t h a t  i s o p ro p y lm ag n eslu m  b ro m id e
c a u s e s  c o n s id e r a b le  c o n d e n s a t io n  o f  m e th y l k e t o n e s ,  and  i n
d o in g  so  i s  re d u c e d  to  p ro p a n e .  The s im p le s t  way i n  w h ich
to  e n v is a g e  th e  r e d u c t io n  o f  an  i s o p r o p y l  r a d i c a l  i s  by  an
i s o p ro p y l  io n  a c c e p t in g  a  p r o to n .  T h a t i s ,  t h e r e  i s  i n
s o l u t i o n  a  p a r t l y  i o n i s e d  G r ig n a rd  r e a g e n t ,  th e  e q u i l ib r iu m
CRg CH- ~ +
^O H M gB r —  CH f  MgBr
CHg GHs
o f  w h ich  i o n i s a t i o n  p ro c e e d s  t o  t h e  r i g h t  a s  th e  io n s  a r e
u s e d  u p .  On th e  a d d i t i o n  o f  th e  a l r e a d y  p o l a r i s e d  k e to n e  to
th e  G r ig n a rd  s o l u t i o n ,  th e  MgX c a t i o n  j o i n s  t o  th e  o x y g en  o f
th e  c a rb o n y l  g ro u p , and  i n  i t s  a p p ro a c h  to  t h i s  g ro u p , m akes
a demand on  th e  in d u c to m e r ic  c a p a b i l i t y  o f  th e  m o le c u le .
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c a u s in g  th e  f o l lo w in g  in d u c to m e r ic  s h i f t t
+ —
R — * G  =^*»=-0 R — ►C— 0
t  ,  t
H --^G c— H 
T t
H H
The 0 and  th e  MgBr u n i t e .  I t  I s  i n s u f f i c i e n t  t o  s a y ,h o w e v e r ,
m e re ly  t h a t  t h e  MgX c a t i o n  o f  t h e  G r ig n a rd  r e a g e n t  u n i t e s
w ith  an  a tom  p o s s e s s in g  a n  u n s h a re d  p a i r  o f  e l e c t r o n s ',  su c h
a s  th e  o x ygen  atom  o f  th e  c a r b i n o l  g ro u p . I f  t h e  u n io n  o f
th e  MgX c a t i o n  w i th  t h e  o x y g en  a to m  i s  acco m p an ied  by  an
in d u c to m e r ic  s h i f t  i n  t h e  k e to n e  m o le c u le ,  i t  i s  p ro b a b le
t h a t  a  v a r i a t i o n  i n  t h e  n a t u r e  o f  th e  c a t i o n  w i l l  c a u s e  some
v a r i a t i o n  i n  th e  e x t e n t  an d  n a t u r e  o f  th e  r e a c t i o n s  w h ich
f o l lo w .  T h a t i s ,  a  v a r i a t i o n  i n  t h e  n a t u r e  o f  t h e  c a t i o n
w ould c a u s e  a  v a r i a t i o n  i n  th e  m a g n itu d e  o f  t h e  detoand made
f o r  a n  in d u c to m e r ic  s h i f t .  I n  t h e  s e r i e s  o f  c a t i o n s
MgP MgCl M ^ r  Mgl
th e  e l e o t r o p h i l i e  n a t u r e  o f  t h e  c a t i o n s  w i l l  i n c r e a s e  from
l e f t  to  r i ^ t .  (B y v i r t u e  o f  th e  h ig h  e l e c t r o n e g a t i v i t y  o f
th e  f l u o r i n e  a to m , MgF may o f  c o u r s e  b e  e le c t ro n e g a t iv e ,M g F }
I f  t h e r e f o r e ,  a  c a rb o n y l  compound w ere  p r e s e n te d  s e p a r a t e l y
w ith  two c a t i o n s ,  o n e  m ore e l e o t r o p h i l i e  th a n  th e  o t h e r ,
t h e r e  i s  no d o u b t t h a t  u n io n  w i th  th e  oxygen  o f  t h e  c a r b o t ^ l
g ro u p  w ould  o c c u r  i n  b o th  o a s e s ,  b u t  t h e  r e q u e s t  made f o r
th e  in d u c to m e r ic  s h i f t  b y  th e  m ore e l e o t r o p h i l i e  c a t i o n
w ould b e  g r e a t e r  th a n  t h a t  made b y  t h e  l e s s  e l e o t r o p h i l i e
c a t i o n .
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As e v id e n c e  f o r  su c h  an  e f f e c t  o f  th e  c a t i o n  th e  d i f f e r e n c e  
i n  y i e l d s  o f  n o rm al a d d i t i o n  p ro d u c t  i s  n o t  l i k e l y  to  be 
c o n c lu s iv e #   ^ I t  i s  l i k e l y  t h a t  t h e  e f f e c t  o f  th e  c a t i o n  
w ould  be  s e e n  m ore c l e a r l y  i n  th e  y i e l d s  and n a tu r e  o f  th e  
ab n o rm a l r e a c t i o n  p r o d u c t s .  The u n io n  o f  t h e  oxygen  atom  
and th e  c a t i o n  p ro d u c e s  a  s t a t e  i n  w h ich  th e  h y p e r -  
c o n ju g a t io n  o f  t h e  m e th y l g ro u p  h y d ro g e n  atom s i s  in c lu d e d
i n  th e  in d u c to m e r ic  s h i f t .
e 0  G 
R —> G  OMgX
1
Î
H
W ith d ra w a l o f  e l e c t r o n s  from  th e  G-H bonds o f  th e  m e th y l
g ro u p  lo o s e n s  th e  h o ld  on  th e  h y d ro g e n  atom s and may r e s u l t
i n  t h e  l o s s  o f  a  p r o to n .  W hether a  p r o to n  w i l l  b e  l o s t  o r  n o t
d e p e n d s  (1 )  on  th e  e x t e n t  o f  e l e c t r o n  w i th d r a w a l ,  an d  (2 ) on
th e  n a t u r e  o f  th e  G r ig n a rd  r a d i c a l  R*. I t  i s  a p p a re n t
t h e r e f o r e ,  t h a t  a  v a r i a t i o n  i n  th e  e l e o t r o p h i l i e  n a t u r e  o f
th e  c a t i o n  may b e  n o t i c e a b l e  u n d e r  ( 1)#
I f  i n  th e  p r e s e n c e  o f  an  i s o p r o p y l  a n io n  t h e r e  i s  .
a m o le c u le  fro m  w h ich  a  p r o to n  c a n  e a s i l y  b e  rem o v ed , i t  w i l l
b e  rem oved . The f o l lo w in g  h a p p e n s :
a 0 ^  (1 )
— 0 MgX
I ^  ^  R — G — OMgX
 -> HG^  * II
t  . GHs CH2 G R g -C H g -O E ^
H
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The e n o l a te  ( I )  h o w ev e r, d o es  n o t  rem a in  a s  an  e n o la te  b u t  
p a s s e s  i n t o  th e  p s e u d o - e n o la te .
R.OO.GHgMgBr
I n  a num ber o f  c a s e s  such  p s e u d o -c n o la te s  h av e  b een  i s o l a t e d  
I t  i s  su ch  a  p s e u d o -e n o la te  w hich  i s  in v o lv e d  i n  c o n d e n sa tio n *  
The p s e u d o -e n o la te  may be assum ed to  e x i s t  i n  e q u i l ib r iu m  w i th  
i t s  io n s ;
R»GO*CHgMgBr H*CH*CRg -+ MgBr
a n d . i n  c o n d e n s a t io n  th e  p s e u d o -e n o la te  io n  u n i t e s  w i th  an  
o r i g i n a l  a l c o h o la te  io n  I I
,CH3 OHg
+
R*CO*CHq "t“ G—' " - R — — R*CO*GHq —  G R
V  2 I
( I I )  OMgX OMgBr
80 t h a t  on h y d r o ly s i s  th e  k e t o l  R.GO.ŒgC(OH) *R i s  fo rm ed .
CHg
T h ere  i s  a  p o in t  to  be s e t t l e d ,  h o w ev e r:
Why a t  t h i s  s ta g e  d o es th e  a l c o h o la te  c a t i o n  r e a c t  
a s  an  a l c o h o la t e  i n s t e a d  o f  l o s i n g  a  p r o to n  a s  i n  th e  e a r l i e r  
s ta g e ?  The an sw er i s  t h i s ;  A f te r  th e  i n i t i a l  fo rm a tio n  
o f  th e  p s e u d o -e n o la te  io n  R#CO*GHg, any  f u r t h e r  a l c o h o la t e  
m o le c u le s  form ed a r e  s u b je c t  to  a t t a c k  by  y e t  a n o th e r  i o n , t h e  
p s e u d o -e n o la te  io n *  W hether o r  n o t  t h i s  w i l l  b eh av e  i n  th e
A lth o u g h  t h i s  io n  i s  c a l l e d  th e  p s e u d o -e n o la te  io n  by  th e  
a u th o r .  I t  i s  p o s s ib l e  t h a t  t h e r e  e x i s t s  a  m esoraeric  s t a t e  
b e tw een  th e  t r u e  e n o la te  io n  and th e  p s e u d o -e n o la te  ion*
99
same way a s  th e  R ' io n  o f  th e  o r lg n a r â  r e a g e n t  n a t u r a l l y  
d ep en d s on  th e  i o n .  T h e re  i s  no r e a s o n  to  b e l i e v e  t h à t  i t  
d o es  n o t  do s o .  F o r  i f  R.CO.CHg ta k e s  a  p r o to n  from  th e  , 
o r i g i n a l  a l c o h o l a t e ,  th e  o r i g i n a l  k e to n e  i s  form ed and w i l l  
c o n t in u e  r e a c t i o n .  I f  R.CO. CHg e n t e r s  i n t o  k e t o l a t e  
f o rm a t io n ,  h o w ev e r, t h e r e  i s  an  o b v io u s  c o n c lu s io n  t o  be 
d raw n . T h a t i s ,  i f  R.CO.CHg can  ta k e  p a r t  i n  th e  f o l lo w in g  
r e a c t i o n ,
<i./CHS 
R.CO. CHî>'\ »C. Rg^
---------------- "OMgX
th e n  i n  th e  m a jo r i ty  o f  c a s e s  th e  R» io n  o f  th e  G r ig n a rd  r e a g e n t  
sh o u ld  b e  a b l e  to  ta k e  p a r t  i n  th e  s i m i l a r  n o rm al a d d i t i o n  
r e a c t i o n .
# ___  CH5
RV   C. —  R
J
T h is  m eans t h a t  i n  th e  m a jo r i ty  o f  c a s e s  i n  w h ich  c o n d e n s a t io n  
o c c u rs  th e  no rm al a d d i t i o n  r e a c t i o n  sh o u ld  o c c u r  t o o .  T h is  
o b v io u s ly  c a n n o t a p p ly  to  a l l  r e a c t i o n s ,  b e c a u se  th e  s t r u c t u r e  
o f  th e  R’ io n  may h in d e r  a p p ro a c h  to  th e  a l c o h o l a t e ,  w h erea s  
th e  R.CO.GH2  may h av e  f r e e  a p p ro a c h . I f ,  h o w ev e r, b o th  
R’ and R.COGH2 h av e  s t r u c t u r e s  w h ich  com bined w ith  th e  
s t e r i c  h in d r a n c e  i n  th e  a l c o h o l a t e ,  p r e v e n t  b o th  k in d s  o f  
a d d i t i o n ,  th e  o n ly  r e a c t i o n  o c c u r r in g  th ro u g h o u t w i l l  be  
é n o l i s a t i o n .
T h is  m eans a t  o nce  t h a t  é n o l i s a t i o n  and 
c o n d e n s a t io n  a r e  n o t  cau sed  e n t i r e l y  by  th e  i n a b i l i t y  f o r  
n o rm al a d d i t i o n  to  ta k e  p l a c e .  The g r e a t e r  th e  h in d ra n c e  
i n  a  k e to n e  th e n  th e  l e s s  th e  c o n d e n s a t io n ,  b u t  t h i s  d o es
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n o t mean t h a t  é n o l i s a t i o n  i s  a  d i r e c t  r e s u l t  o f  g r e a t  
h in d ra n c e  i n  th e  k e to n e *  E n o l i s a t i o n  i s  cau sed  by th e  
r e a c t i v i t y  o f  th e  r e a c ta n t s *  I t  i s  n o t  t r u e  to  sa y  t h a t  
é n o l i s a t i o n  o c c u rs  o n ly  b e c a u se  th e r e  i s  d i f f i c u l t y  i n  
n o rm al a d d i t io n *  I t  i s  tim e  h o w ev e r, t h a t  i f  norm al 
a d d i t i o n  i s  d i f f i c u l t ,  t h e r e  i s  more chance  f o r  é n o l i s a t i o n  
to  o ccu r*
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R é d u c tio n
R e d u c tio n  o f  c a rb o n y l compounds by  a  G rig n a rd  
r e a g e n t ,  h o w ev e r, p r e s e n t s  a  d i f f e r e n t  p ro b lem  from  
c o n d e n sa tio n *  I t  i s  e a s y  enough to  sa y  t h a t  s in c e  r e d u c t io n  
c o n s i s t s  i n  th e  d o n a t io n  o f  h y d ro g en  and th e  fo rm a tio n  o f  
an  o l e f i n  t h a t  th e  h y d ro g e n  comes from  th e  same m o le c u le  a s  
th e  o l e f i n .  Evans and P e a r s o n ^ ^ a v e  assum ed t h a t  t h i s  i s
a c c o m p lish e d  b y  th e  d o n a t io n  o f  a  h y d r id e  io n  by  th e  G r ig n a rd
Si
a n io n  R’ . T h a t i s ,  w ith  a p o l a r i s e d  k e to n e  Rg.C — 0 and an
— 4" ' —
i o n i s e d  G r ig n a rd  r e a g e n t  R’ MgX, th e  a n io n  R’ h a s  i n  some way 
to  su p p ly  th e  C w ith  a  h y d ro g en  atom  c a r r y in g  a  n e g a t iv e  
c h a rg e .  T h is  i s  a s  u n l i k e l y  a s  i t  i s  u n u s u a l .  P u r th e n o o re ,  
i f  th e  a p p ro a c h  o f  to  th e  c a rb o n y l g roup  c a u s e s  an
in d u c to m e r ic  s h i f t  i n  th e  k e to n e  m o le c u le ,  one m ust a s k  why 
th e  R’ a n io n  sh o u ld  g iv e  up  H i n s t e a d  o f  a c c e p t in g  H.
I n  r e d u c t i o n ,  t h e r e  i s  one d e f i n i t e  p ie c e  o f  
e v id e n c e  to  b e a r  i n  m ind ; an  o l e f i n  i s  p ro d u c e d . T h e re fo re  
i t  i s  p e r t i n e n t  to  a s k  w h ich  form  o f  th e  R’ r a d i c a l  i s  m ost 
l i k e l y ,  u n d e r  p r e s e n t  c o n d i t i o n s ,  to  l o s e  h y d ro g e n  and become 
an  o l e f i n .  The answ er to  t h i s  i s  t h a t  th e  R’ r a d i c a l  
s h o u ld  be a s  a  f r e e  r a d i c a l .  T h is  m eans t h a t  th e  G r ig n a rd  
r e a g e n t  m ust u n d e rg o  h o m o ly tic  s c i s s i o n ;
I
R • ! MgX
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I t  I s  knoTO t h a t  a  f r e e  r a d i c a l  w i l l  te n d  to  s t a b i l i s e  i t s e l f  
i n  th e  e a s i e s t  way p o s s i b l e ,  and i n  th e  c a se  o f  r e d u c t io n  
t h i s  s t a b i l i s a t i o n  m ust come by th e  l o s s  o f  a h y d ro g en  a tom , 
th e  f r e e  e l e c t r o n  o f  th e  r a d i c a l  becom ing one o f  a p a i n
n  CHg
' CRg --------- - + H
H o m o ly tic  s c i s s i o n  r e q u i r e s  t h a t  f r e e  MgX r a d i c a l s  
a r e  p r e s e n t*  I n  th e  work o f  Gomberg £ t  ^  (pp  ) th e
fo rm a t io n  o f  p in a c o ls  by  f r e e  r a d i c a l  m echanism  i s  p r e s e n te d  
a s  f o l lo w s ;
.0  — 0 4- M g l  ^  ^  COMgl
so t h a t  by  a n a lo g y , i n  r e d u c t io n  one sh o u ld  h a v e ; -
R ; 0  MgBr
I iC H s
CH, -(H V * C.S ^  \ p ,
The movement o f  e l e c t r o n s  from  th e  c a rb o n y l d o u b le  bond i s  
n o t  u n l i k e l y .  The w hole  s t a b i l i t y  o f  f r e e  r a d i c a l s  
c o n ta in in g  p h e n y l g ro u p s  l i e s  i n  th e  a b i l i t y  o f  th e  p h e n y l 
g ro u p  to  d i s t r i b u t e  a  c h a rg e ,  th e r e b y  in c r e a s i n g  th e  
u n c e r t a i n t y  o f  p o s i t i o n  and d e c r e a s in g  th e  m o le c u la r  f r e e  
e n e rg y . I f  s i m i l a r  d i s t r i b u t i o n  can  o c c u r  i n  t h e  c a rb o n y l  
com pound, i t  i s  p o s s i b l e  to  v i s u a l i s e  th e  fo rm a tio n  o f  a  
f r e e  a l c o h o la t e  r a d i c a l .  At th e  same tim e  t h e r e  i s  no demand 
f o r  th e  in d u c to m e r ic  s h i f t  o f  th e  c o n d e n s a t io n  m echan ism , 
and é n o l i s a t i o n  and c o n d e n s a t io n  s h o u ld  b e  s m a l l .
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W hether th e  above f o rm u la t io n  shows th e  r i g h t
se q u e n ce  o f  r e a c t i o n  c a n n o t be s a id .  I t  may b e  t h a t  th e
f i r s t  a d d i t i o n  to  ta k e  p la c e  i s  a t  th e  c a rb o n  atom :
R — ( f4 :^ 0 RCH— Ô
   I IMgB^
' CHs ^  R CHg
E n o l i s a t i o n  and C o n d e n sa tio n  W
The p o s s i b i l i t y  t h a t  e n o l i s a t i o h  and c o n d e n s a t io n  
may ta k e  p la c e  by  a  f r e e  r a d i c a l  m echanism  w i l l  be  a p p a r e n t .  
F o r  t h i s  to  h ap p en  th e r e  m ust be f r e e  p s e u d o -e n o la te  r a d i c a l s  
i n  s o l u t i o n ,  and th e  o r i g i n  o f  th e s e  may be  fo rm u la te d  i n  
t h r e e  w ays;
(1 ) R.G ::J3  ^ M g B r  R-G -O M gB r^^^ R.CO. CHg MgBr
Hgc'^ R OHg " . -■!(' ,
R. CO. CHg+ MgBr
(2)  R . ^ C ^ O
j>> ■  ^ ^  R • CO • CHg K — R CO # CHg MgBr
HgC  ^ .H \^  R . #  .
R.CO.CHg + MgBr
(5 ) R — R- C, — OMgBr
I  » 1^  .
CHg HjC‘tH:-^R
R.CO.CHg  ^ R.CO.CHoMgBr --- R COM^gf
+ " II ■'
MgBr* *^^ .1
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S in c e  c o n d e n s a t io n  w ould be e f f e c t e d  by  th e  u n io n
o f  a  p s e u d o -e n o la te  r a d i c a l  and an  a l c o h o la te  r a d i c a l ,
, OMgBr 
R.CO-CHp O C T  _2 I
GHg
i t  seem s t h a t  f o rm u la t io n  (3 ) i s  m ost p r o b a b le .
I f  b o th  r e d u c t io n  and c o n d e n s a t io n  can  ta k e  p la c e  
by a  f r e e  r a d i c a l  m echanism , one may p e rh a p s  e x p la in  th e  
p r e f e r e n c e  f o r  r e d u c t io n  by some r a d i c a l s ,  and c o n d e n s a t io n  
by  o t h e r s ,  b y ,th e  d i f f e r e n c e  i n  s t a b i l i t y  o f  th e  r a d i c a l s .
I t  h a s  a l r e a d y  b e e n  s a id  t h a t  a  f r e e  r a d i c a l  w i l l  ta k e  the  
e a s i e s t  way o f  s t a b i l i s i n g  i t s e l f ,  so  t h a t  w h ereas i n  c e r t a i n  
c a s e s  t h i s  s t a b i l i t y  i s  a t t a i n e d  by  g iv in g  up a  h y d ro g e n  
atom , i n  o th e r s  i t  may be a t t a i n e d  by a c c e p t in g  a  h y d ro g en  
a tom . And i t  w ould fo llo w  t h a t  w here a  f r e e  r a d i c a l ,  w h ich  • 
n o rm a lly  s t a b i l i s e d  i t s e l f  by a c c e p t in g  a  h y d ro g e n  a to m , 
h a s  no e a s i l y  a c c e p ta b le  h y d ro g en  atom  to  a c c e p t ,  i t  w ould 
ta k e  th e  seco n d  l e s s  e a s y  way o f  g iv in g  up a  h y d ro g e n  a to m .
On th e  o th e r  h a n d , i f  th e  m echanism s o f  r e d u c t io n  
and c o n d e n s a t io n  a r e  th o s e  o f  f r e e  and c h a rg e d  r a d i c a l s  
r e s p e c t i v e l y ,  one m ust make th e  f o l lo w in g - o b s e r v a t io n s  :
(1 ) The same G rig n a rd  r e a g e n t  may r e a c t  e i t h e r  a s  a  
ch a rg e d  o r  neutreüL r a d i c a l ,  f o r  th e  p r e s e n t  w r i t e r  f in d s  t h a t  
m ost G r ig n a rd  r e a g e n ts  c a u se  b o th  r e d u c t io n  and c o n d e n s a t io n .
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(2)  A G rig n a rd  r e a g e n t  may r e a c t  b o th  a s  a ch a rg e d
and n e u t r a l  r a d i c a l  a t  th e  same t im e , f o r  th e  p r e s e n t  w r i t e r  
f i n d s  t h a t  i n  many c a s e s  r e d u c t io n ,  é n o l i s a t i o n  and 
c o n d e n s a t io n  o c c u r  to g e th e r*
A p p l ic a t io n  o f  R e s u l t s  and F u r th e r  C o n s id e r a t io n s  o f  
M echanism s*
D is s o c i a t i o n  o f  a G r ig n a rd  r e a g e n t  i n t o  io n s  h a s
b een  i n t e r p r e t e d  by  th e  f o l lo w in g  e q u i l ib r iu m ;
RMgX ^  R +
Y et i f  o n e ,c o n s id e r s  th e  f o l lo w in g  s e r i e s
CH3  GEg CHg
^CHCHoMgBr, CH,CHpCEMgBr, ^CHMgBP, OEgZZz OMgBr
I CHg CHg
+
i t  i s  s e e n  t h a t  th e  te n d e n c y  to  io n i z e  i n t o  R and MgX s h o u ld  
d e c r e a s e  i n  th e  o r d e r  g iv en *
The r e s u l t s  o b ta in e d  and r e p o r te d  i n  p a r t  I I  show 
t h a t  th e  te n d e n c y  f o r  h y d ro g en  a c c e p ta n c e  by  a  num ber o f  
G r ig n a rd  r e a g e n ts  i s  i n  th e  o r d e r
R ■«» iso B u (  n - p r  /  n-B u < s e c -Bu < i s o P r  
so t h a t  one w ould c o n c lu d e  t h a t  h y d ro g en  a c c e p ta n c e  i s  n o t  a
(0 6
.•■nferfunction of alkyl ions, and one is left with the alternatifs 
that the magnitude of hydrogen acceptance is a function of 
free alkyl radicals; that is, that in all cases the Grignard 
reagent does not ionise but reacts by homolytic scission.
This, however, does not permit of an explanation of 
the difference between Grignard reagents containing different 
halogens; that is, if the mechanism of reactions involves 
only free radicals, there should be little difference between 
using isopropylmagnesium chloride and iaopropyImagnesium 
bromide, or between sec-butylmagnesium chloride and sec- 
butylmagnesium bromide. It is not sufficient to invoke a 
difference in the speed of reaction, such as Dubois has done, 
for if the difference lay only in the speed of reaction, the 
ratio of the products formed should be unchanged. The 
difference in the products of the above reactions is such 
that can be explained only by a difference in structure of 
the Grignard reagents. This explanation cannot be given if 
all Grignard reagents only react by homolytic scission, but 
it can be given if a Grignard reagent can react both 
homolytically and heterolytically. For if the ratio in 
which Grignard chlorides react homolytically and heterolytically 
is smaller than that with which Grignard bromides react, 
the ratio of hydrogen donation to proton acceptance will 
be smaller for chlorides.
The fact that the deliberate promotion of free
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r a d i c a l s  by  c o b a l to u s  c h lo r id e  in c r e a s e s  th e  amount o f
h y d ro g en  a c c e p ta n c e  i n  th e  c a s e  o f  iso p ro p y lm ag n es iu m
brom ide s u p p o r ts  th e  above p o s t u l a t i o n .
Where i t  i s  p o s s i b l e  to  in c lu d e  i o n i s a t i o n  i n  t h i s
p o s t u l a t i o n  i s  i f  th e  G r ig n a rd  r e a g e n t  i s  c o n s id e r e d  to
e x i s t  n o t  i n  i o n i c  e q u i l ib r iu m  o f  d i s s o c i a t i o n ,  b u t  i n  th e
p o la r  s t a t e  HMgX.
I n  t h i s  way th e  fo rm a tio n  and s t a b i l i t y  o f  su ch  a
p o la r  s t a t e  w ould in c r e a s e  i n  th e  o r d e r s -
isoBuMgBr < s e c BuMgBr ^  i s o P rMgBr < te rt-B u M g B r
The d i s s o c i a t i o n  o f  th e  p o l a r  m o le c u le  w ould o c c u r  i n  th e
p re s e n c e  o f  a r e a c t a n t  p e r m i t t in g  n u c l e o p h i l i c  a t t a c k ,  and
one may e n v is a g e  th e  i o n i c  m echanism  o f  é n o l i s a t i o n  and
c o n d e n s a t io n  o c c u r r in g .  I t  i s  p o s s i b l e  t h a t  t h i s  may go
th ro u g h  th e  t r a n s i t i o n  s t a t e
Ô' 6+ S'
R  -  > 0 0 ----------------M gBr------------ R’
t
H
w hich  i s  fo llo w e d  by th e  e j é c t i o p  o f  th e  R’ i o n .  T h e re  i s  a s
y e t  no e v id e n c e  to  show th e  n a tu r e  o f  th e  t r a n s i t i o n  s t a t e .
One may v i s u a l i s e  f u r t h e r  t h a t  th e  g r e a t e r  th e
te n d e n c y  to w ard  th e  p o l a r  s t a t e  th e  l e s s  l i k e l y  t h a t  a  f r e e
r a d i c a l  m echanism  w i l l  o c c u r ,  and t h a t ,  t h e r e f o r e ,  G r ig n a rd
r e a g e n ts  p a r t i c i p a t e  i n  th e  f o l lo w in g  e q u i l i b r i a
R f  MgX RMgX------------ R-------- MgX
( 1 ) ( 2)
and t h a t  th e  te n d e n c y  f o r  e i t h e r  e q u i l ib r iu m  (1 ) o r  (2 ) v a r i e s
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n o t  o n ly  w i th  t h e  G r ig n a rd  r e a g e n t ,  b u t  w i th  th e  r e a c t a n t  
p r e s e n t e d  t o  th e  G r ig n a rd  r e a g e n t .
S u ch  a  p o s t u l a t e  i s  i n  a g re e m e n t w i th  th e  r e s u l t s  
o b ta in e d  f o r  t h e  i n t e r a c t i o n  o f  e a c h  k e to n e  w i th  t h e  s e r i e s  
o f  G r ig n a r d  r e a g e n t s .  T h a t i s ,  a s  F ig u r e  I  sh o w s, t h e  
p r o p o r t i o n  o f  s a t u r a t e d  g a s  i n  t h e  t o t a l  am ount o f  g a s  fo rm ed  
i n c r e a s e s  f o r  e a c h  k e t o n e ,  e x c e p t  d i i s o p r o p y l  k e to n e ,  i n  t h e  
o r d e r
R = I s o Bu <  n - P r  /  n -B u  ^  se c -B u  <  I s o P r  
i n d i c a t i n g  t h a t  t h e  above G r ig n a rd  r e a g e n t s  show a  te n d e n c y  
to  e x i s t  i n  th e  p o l a r  s t a t e  i n  t h a t  o r d e r .
I t  m u s t b e  a d m i t t e d ,  h o w e v e r , t h a t  i t  i s  much m ore 
d i f f i c u l t  t o  a p p ly  th e  p o s t u l a t e  t o  th e  r e s u l t s  when th e y  
a r e  c o n s id e r e d  f o r  i n d i v i d u a l  G r ig n a rd  r e a g e n t s  r e a c t i n g  
w i th  a  s e r i e s  o f  k e t o n e s .  F o r  i t  c a n  be  s e e n  fro m  F ig u r e  I  
t h a t  a l th o u g h  th e  o r d e r  o f  i n c r e a s e  i n  th e  r a t i o  o f  
s a t u r a t e d  g a s  to  u n s a t u r a t e d  g a s  i s  c o n s t a n t ,  t h e  m a g n itu d e  
o f  t h e  i n c r e a s e  v a r i e s  w i th  t h e  k e t o n e ,  and  i t  i s  i n  
e x p l a i n i n g  f u l l y  th e  p a r t  p la y e d  b y  th e  k e to n e  t h a t  one 
m e e ts  w i th  d i f f i c u l t i e s .
The f u n c t i o n  o f  t h e  s e c o n d  g ro u p  i n  t h e  m e th y l 
k e to n e s  c a n n o t  b e  c o n s i s t e n t l y  e x p la in e d  b y  t h e  r e s u l t s  
w h ich  h a v e  b e e n  o b t a i n e d .  I f  t h e  g e n e r a l  k e to n e
R — 0 ^ 0
I
CHg
i s  c o n s id e r e d ,  one  m ig h t a s k  w h e th e r  an  i n c r e a s e  i n  t h e
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electron donation from the group R will suppress the with­
drawal of electrons from the C-H bonds of the methyl group.
R  = = = 0
t
CHg
This Is likely to be the ease, since the flow of electrons 
towards the C atom of the carbonyl group depends on the 
electron density on that carbon atom. Therefore, in any 
series of ketones, although the size of the R group may 
cause an increase in the amount of anomalous reaction, its 
nature may cause a decrease in the reaction giving rise to 
the saturated gas.
That is, one would expect that in using the ketones 
Me.CO.isoBu Me.CO.isoPr Me.CO.tert-Bu
the amount of anomalous reaction would increase in this order, 
but that,owing to the increase in the electron donation of 
the second group, the ofder of increase in percentage of 
saturated gas would be the reverse.
It will be seen that this is true for n-propyl, 
n-butyl, sec-butyl, and isopropyl magnesium bromides, but that 
the order is exactly the opposite for isobutylmagnesium bromide.
However, it will also be seen that these remarks 
should not be restricted to the three ketones above, but 
should include the straight chain ketones used. That is, 
the series should be written for total anomalous reaction as
Me.CO.nPr < Me.CO.i^ < Me.CO.isoBu < Me.CO.isoPr < Me.CO.tertBa
1 1 0
and for percentage of saturated gas as
Me.CO.tertBu < Me.C0.1soPr<Me.CO.isoBu <Me.GO.n-Pr<Me,CO.nAm
The results obtained are partly erroneous In this light.
Those obtained for n-propyl- and n-butylmagnesium bromides 
are in agreement with this order, but the straight chain 
ketones are misplaced for isopropyl- and sec-butylmagnesium 
bromides.
In the case of isobutylmagnesium bromide the 
great diversion may be because this Grignard reagent exists 
for the greater part in the free radical equilibrium, and is 
thus veiry different from the other Grignard reagents, 
which show a capability of existing, for a goodly part, in 
the polar state. When one considers Figure I, one is 
bound to ask why there should be so great a fall in the ratio 
for Isobutylmagnesium bromide. Purely on the strength of 
inductive capability these graphs should rise in the order:- 
R » n-Bu n-Pr isoBu sec-Bu isoPr
The author must admit that the fact that the order is in 
each case
R = isoBu n-Pr n-Bu sec-Bu isoPr 
is unexpected on purely inductomeric reasoning, and It may 
be possible that in the case of isobutyl bromide there.is 
another factor involved.
In mechanisms involving free radicals one cannot 
overlook the possibility of mutual oxidation and reduction
of the alkyl radical. If this were to happen in the case 
isobutylmagnesium bromide, the percentage of saturated gas would 
be higher than the postulated equilibria allow instead of lower. 
There is also the possibility of Interaction of free radicals 
with the solvent, but the author is of the opinion that if 
this did occur, it would do so only to a small extent, and 
would not contribute very much to the results obtained. For 
he believes that if dissociation into free radicals is 
enhanced by a ketone, there are in solution much more reactive 
molecules than those of the solvent, so that while the 
possibility of solvent attack is not refuted, its magnitude 
is believed not to be of prime importance.
With methyl ethyl ketone the probability that this 
ketone undergoes condensation in two ways when it reacts with 
isopropylmagnesium bromide leads one to expect a high 
percentage of saturated gas, and this is obtained, the 
percentage being higher than that from the other methyl 
ketones•
Yet with n-propylmagnesium bromide and n-butyl­
magnesium bromide the percentage of saturated gas is smaller 
than the corresponding percentages for the other straight 
chain ketones. It may be that in view of the small tendency 
of n-propylmagnesium bromide and n-butylmagnesium bromide 
to react in the polar form, the likelihood of condensation 
occurring at two carbon atoms in the ketone is small. In
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this way the electron donation from the ethyl group, being 
greater than In n-propyl and n-amyl groups, should cause a 
decrease In the percentage saturated gas, and the order of 
Increase In percentage saturated gas would proceed, for the 
ketones Me.CO.R;-
R =" n-Aa n-pr gt IsoBu Isopr tert-Bu 
The results obtained are not in serious disagreement with 
this, the percentages obtained being
R — n-Am n-Pr Et iaoBu isoPr tert-Bu
n-PrMgBr 50.0 45,7 45.2 45.8 33.5 80.9
n-BuMgBr 50.0 50.0 47.1 47.6 41.2 55.4
-J
tert-Butylmagnesium bromide
If it is so that in a Grignard reagent RMgBr the 
greater the electron donation of the group R the less the 
tendency to form free radicals, the results obtained with 
tert-butylmagnesium bromide are entirely erroneous, for 
one would expect the percentage of saturated gas to be the 
highest of all the Grignard reagents used. As noted on 
page Y9 , tert-butylmagnesium bromide needs a more detailed 
investigation, and the author does not think that the 
results obtained for this Grignard reagent can be used for 
comparison with those of the other Grignard reagents*
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Dllsopropyl ketone a%^ 411sobutyl ketone.
The behaviour of diisopropyl ketone is entirely 
different from that of the other ketones in that it undergoes 
reduction by the Grignard reagents which are capable of 
causing much énolisation and condensation. It is to be 
concluded from this that the difficulty in removing a 
proton from the Isopropyl groups in this ketone causes 
the Grignard reagents to function mostly in the way 
demanded by the ketone, that is, as hydrogen atom donors.
Diisobutyl ketone, however, behaves more like the 
methyl ketones in that the type of reaction is controlled 
by both ketone and Grignard reagent. That is, with 
isopropylmagnesium bromide the ketone gives up a proton 
as readily as the Grignard reagent can accept it, while with 
sec-butylmagnesium bromide, which in general is able both to 
give and to take hydrogen (in the appropriate form) with equal 
ease, dlisobutyl ketone undergoes almost equal amounts of 
reduction and énolisation. In the case of n-butylmagnesium
m m  #
bromide the result obtained is again not unexpected.
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The work of Kharasch and Welnhonse
In a systematic investigation of the reduction of 
henzophenone the above authors conclude that reduction by 
Grignard reagents Is caused byv charged radicals, but only 
those of intermediate electronegativity. The terra 
electronegativity is given as meaning affinity for electrons. 
The proposal is that a Grignard reagent dissociates into 
ions, and the alkyl ion gives up both electrons in reduction. 
The authors do not deal further with the meclianism of the 
reduction, and one assumes therefore, that they Intend that 
the carbonyl group should receive two electrons from the 
alkyl ion, to be followed later by a proton from the same 
ion. '
IT
R — C = « ^ 0    R ----G---- OMgBr
I RCHo (H>-CH-R
ÇH3  CH3
With this mechanism in mind they give a series of 
radicals in order of decreasing electronegativity, and with 
each radical is given the amount of reduction of benzophenone 
caused when the radical is used as a Grignard reagent ;
l i s
R a d ic a l  % r e d u c t io n
Ethyl 2
n-propyl 58
n-hutyl 59
îso-butyl 91
cyclopentyl 94
s e o ^ u ty l  40
Tsoamyl 20
GeH5(CH2)2 52
C6H5(CHg)5 20
oyclohexyl 7
âlïyl ca. 5
The g r a d u a i  in c r e a s e  and su b se q u e n t f a l l  i s  
a t t r i b u t e d  n o t  to  a  d e c re a s e  i n  r e d u c in g  te n d e n c y , b u t  to  
a m ask ing  o f  th e  r e d u c in g  te n d e n c y  by  an  in c r e a s in g  a d d i t i o n  
v e l o c i t y .  T h a t i s ,  th e  m ore e l e c t r o n e g a t iv e  a r a d i c a l  i s ,  
t h e  s lo w e r  i s  i t s  sp e ed  o f  a d d i t io n  r e a c t i o n .  E v id en ce  i s  
g iv e n  f o r  th e  r e l a t i o n s h i p  b e tw een  e l e c t r o n e g a t i v i t y  and 
sp e ed  o f  r e a c t i o n  by  th e  r e s u l t s  o f  c o m p e ti t iv e  r e a c t i o n s ;  
i n  w h ich  G r ig n a rd  s o lu t io n s  c o n ta in in g  a  m ix tu re  o f  r a d i c a l s  
o f  d i f f e r e n t  e l e c t r o n e g a t i v i t y  w ere a llo w e d  to  r e a c t  w i th  
b en zo p h en o n e . I t  was found  t h a t  th e  r a d i c a l  w h ich  to o k  
p a r t  i n  a d d i t i o n  was t h a t  w hich  h ad  th e  s m a l le r  e l e c t r o n e ­
g a t i v i t y .
One m ig h t co n c lu d à  from  t h i s ,  t h e r e f o r e ,  t h a t  i f  
a d d i t i o n  w ere n o t  p o s s i b l e ,  th e  amount o f  r e d u c t io n  w ould 
i n c r e a s e  i n  th e  o r d e r  g iv e n  f o r  d e c r e a s in g  e l e c t r o n e g a t i v i t y .  
T h a t i s ,  e x t r a c t i i ^  th e  a lk y l  r a d i c a l s  from  th e  above t a b l e  
th e  o r d e r  o f  r e d u c t io n  i s
R wms. n - P r  < n-Bu < i s o -Bu < s e c -Bu < i s o  Am 
and from  s ta te m e n ts  i n  th e  t e x t  one c o n c lu d e s  t h a t  s in c e
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tert-Bu is less electronegative than isoBu. the amount of 
reduction to be expected if addition were not possible 
would be
tert-Bu ^  isoBu 
One can see further that the term electronegativity may be 
paralleled with the inductive effect in the alkyl groups 
Electronegativity: n-Pr n-Bu > isoBu >  sec-Bu >  tert-Bu
Inductive effect ; n-pr n-Bu <  isoBu < sec-Bu <  tert-Bu
so that one may include in the order of decreasing 
electronegativity that of the isopropyl radical j- 
Electronegativity: n-Pr-^n-Bu > isoBub^ sec-Bu> lsoP r > tert-Bu
Inductive effect % n-Pr ~ n-Bu < isoBu < sec-Bu < isoPr tert-Bu 
From this one concludes that the order of reducing 
tendency in the absence of addition must be
R ■ n-Pr ^  n-Bu X  isoBu <  sec-Bu isoPr < tert-Bu
mmm mmm ^  m m m w  ^  ■ '■ n w  ■■ '  tmmmmtmmÊtrn
In actual fact the present author has found that for the 
first five radicals the opposite Is true, for the tendency 
for reduction. Interpreted In a way Intended to overcome the 
variations of hindrance (whether sterlc or of velocity), Is 
In the order;
R = IsoBu ^  n-Pr cs. n-Bu >  sec-Bu ;> isoPr
This has been found so whether addition can take place or 
not.
Furthermore the concept^ of electronegativity and 
reduction by Ions does not satisfy the variation In the halide
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o f  th e  G r ig n a rd  r e a g e n t .  I n  th e  two r e a g e n t s ,
RMgCl and RMgBr, 
e l e c t r o n e g a t i v i t y  b e in g  a k in  to  n u c l e o p h i l i c  pow er, one 
c o n c lu d e s  t h a t  RMgCl w i l l  d i s s o c i a t e  w ith  g r e a t e r  e a s e  th a n  
RMgBr, and t h e r e f o r e  be c a p a b le  o f  c a u s in g ,  i n  a g iv e n  t im e , 
more r e d u c t io n  th a n  RMgBr. I n  f a c t  th e  d i f f e r e n c e  i n  
re d u c in g  pow ers f o r  a g iv e n  k e to n e  sh o u ld  be one o f  tim e  o f  
r e a c t i o n  o n ly .  K h ara sc h  and W einhouse f in d  t h a t  n - b u ty l -  
m agnesium  b ro m id e  c a u s e s  l e s s  r e d u c t io n  th a n  n -b u ty lm ag n esiu m  
c h l o r i d e ,  a r e s u l t  w h ich  i s  c o n t r a r y  to  th e  f in d in g s  o f  th e  
p r e s e n t  a u th o r  and o f  o th e r  w o rk e rs  f o r  o th e r  G rig n a rd  b ro m id es 
and c h l o r i d e s .
C o n c lu s io n .
54
K h a ra sc h  e t  a l co n c lu d e d  t h a t  a  G rig n a rd  r e a g e n t  
co u ld  a c t  by  e i t h e r  an  i o n i c  o r  f r e e  r a d i c a l  m echanism  f o r  
th e  r e a c t i o n  b e tw een  m e th y l m agnesium  h a l i d e s  and m e s i to y l  
c h l o r id e .
The p r e s e n t  a u th o r  h a s  come to  th e  c o n c lu s io n  t h a t  
t h i s  p o s s i b i l i t y  o f  r e a c t i n g  a s  io n s  o r  f r e e  r a d i c a l s  i s  
t r u e  o f  a l l  G r ig n a rd  r e a g e n t s .  I t  i s  b e l ie v e d  h o w ev er, 
t h a t  i o n i c  m echanism s do n o t  in v o lv e  a  c o m p le te ly  io n i s e d  
r e a g e n t ,  b u t  t h a t  th e  G rig n a rd  r e a g e n t  can  d i s s o c i a t e  i n t o  
io n s  a s  r e q u i r e d  by  th e  seco n d  r e a g e n t .  I t  i s  f u r t h e r  
c o n c lu d ed  t h a t  w h ereas  r é d u c t io n  o f  c a rb o n y l compounds i s
a function of free radicals, énolisation and coiràensation 
are a function of ions, and that the differences observed 
in the change of Grignard reagent and the change of carbonyl 
compound result from the call made for these two types of 
reaction and the ability of the Grignard reagent to answer 
to the call.
It must be borne in mind that some of the 
experimental results obtained do not bear out the reasoning 
which has been applied to the causes which make the mode of 
reaction vary, and the author stresses that a more detailed 
analysis must be made of a larger number of reactions.
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The Reaction of asters with Orlgnard Reagents
The interaction of an ester and Grignard reagent 
is designed to give a tertiary carbinol as the final product
R.COgEt f RR^MgBr --- ► R— a— GH
Hi
CC
and the mechanism proposed by Grignard (1901) for such a
reaction was one of three stages;-
^0 OMgBr
R— 0^  + R,MgBr --- - R— 0 Rn
^OEt ''OEt
,OMgBr .OMgBr
R— C ^ R i  4- R,MgBr --- - R— C ^ R ,  +  EtOMgBr
^ O E t ^Rl
/OMgBr Rl
R— C^Ri f H„0 ---- R C OH
^ R l  I
Rl
56However, it was found by Boyd and Hatt (1927) 
that pinacols are formed in good yield when esters are 
treated with Grignard reagents in the presence of excess 
magnesium, and these authors consequently suggested that 
this is due to the preliminary formation of a ketone.
R.COgEft 4- R^HgBr --   R.OO.R^ + EtOMgBr
57Blaise and Gourtot(19Q5) had already isolated 
ketones from ester reactions,but according to Boyd & Hatt, 
this could have resulted from the hydrolysis of the addition
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com plex
.OMgBr
w h ich  m ig h t go th ro u g h  th e  r e a c t i o n  w ith o u t b re a k in g  down 
t o  th e  k e to n e .
The fo rm a tio n  o f  p in a c o l s  l e f t  Boyd and H a t t  i n  
no d o u b t ,  h o w ev e r, t h a t  th e  k e to n e  waa form ed d u r in g  
r e a c t i o n ,  and th e y  s u g g e s te d  th e  fo l lo w in g  m echanism ;
R g • 0"' 1^ *0 Mg ' R g .G —" »"0*Rg
" R g .G  C.Rg HgO K o .C -------- O.R
OH on 0 0
The p r e s e n t  a u th o r  h a s  found, t h a t  th e  a c t i o n  o f  
G r ig n a rd  r e a g e n t s  on m e th y l a c e t a t e  g iv e s  th e  same p ro d u c ts  
a s  th e  a c t i o n  o f  th e  G rig n a rd  r e a g e n ts  on th e  k e to n e  
c o r r e s p o n d in g  to  th e  r e a c t io n *  T h a t i s
CHg
.CH^CO.GHpGHr^ .
/  ^ C H s
/  CHg
Ig o butylM gB r f  m e th y l a c e ta t e ^    CHgOH( OH) CRgGH(^
^ ^GHs
ispB uO ( OH) OHgCO. ispB U  
CHs
iso p ro p y lM g B r -t- m e th y l a c e t a t e  —- i s o Pr.CCOH)CHgCO.isoPr
OH3
The above f in d in g s  a r e  f u r t h e r  e v id e n c e  t h a t  th e  
k e to n e  m ust e x i s t  d u r in g  r e a c t io n *  F re e  k e to n e  was 
o b ta in e d  and c h a r a c t e r i s e d  i n  th e  iso b u ty lm a g n e s iu m  brom ide
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r e a c t io n s  (p p . ) .  The p r o d u c ts  o f  anom alous r e a c t io n  
in  th e  e s t e r s  a r e  m o reo v e r o f  th e  same e x te n t  a s  th e  p ro d u c ts  
o f  anom alous r e a c t i o n  i n  th e  k e to n e s*  T h a t i s ,  i s o h u t y l -  
m agnesium b ro m id e  gave a  l a r g e  amount o f  se c o n d a ry  c a r b i n o l ,  
w h ile  i s o p ro p y lm ag n esiu m  brom ide gave a  l a r g e  amount o f  k e t o l ,  
a l th o u g h  c o m p a riso n  o f  th e  vo lum es o f g as o b ta in e d  from  
c o r re s p o n d in g  e s t e r  and k e to n e  r e a c t io n s  i n d i c a t e  t h a t  th e  
t o t a l  anom alous r e a c t i o n  i s  somewhat g r e a t e r  i n  th e  c a se  o f  
th e  k e to n e s :
isoPrM gB r on T o ta l  v o l . s a t d . u n s e td . ^  s a t d .
M ethyl a c e t a t e 1 9 ,5 0 0 1 4 ,8 0 0 4 ,7 0 0 7 5 .9
M e .G O .iso p ro p y l 2 6 ,5 0 0 1 8 ,850 7 ,6 5 0 7 1 .2
n-PrM gBr on T o ta l  v o l . s a t d . u n s a td . ^  s a t d .
M ethyl a c e t a t e 6 ,5 0 0 5 ,0 0 0 3 ,5 0 0 4 6 .0
Me• CO .n - p r o p y l 7 ,0 0 0 5 ,2 0 0 5 ,8 0 0 4 5 .7
isoBuMgBr on T o ta l  v o l . s a td  • u n s a td . 7^  s a t d .
M ethyl a c e t a t e 1 6 ,5 0 0 5 ,7 0 0 10 ,3 0 0 5 4 .5
Me•GO « I s o b u ty l 1 8 ,0 0 0 2 ,4 0 0 1 5 ,6 0 0 1 3 .5
W hile i n s u f f i c i e n t  work h a s  b ee n  done on e s t e r  
r e a c t io n s  t o  p e rm it  any  d i s c u s s io n  o f  m echanism , th e s e  r e s u l t s  
a re  g iv e n  a s  f u r t h e r  e v id e n c e  o f  th e  e x i s te n c e  o f  f r e e  k e to n e  
d u r in g  r e a c t i o n .
P A R T  IV
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2 : 4 : 6 -T r lm e th y lh e p  ta n é
58
T h is  h y d ro c a rb o n  h a s  b een  s y n th e s is e d  by  T u o t(1955)
The m ost s u i t a b l e  b a s i s  o f  th e  h y d ro c a rb o n  i s  2 :4 :6 -  
t r im e t h y l h e p t a n o l - 4 . T h is  was made by T uot and i s  th e  c a r b in o l
on w h ich  th e  p r e s e n t  s y n th e s i s  was b a s e d .
T h e re  a r e  t h r e e  s t r a i g h t  fo rw a rd  m ethods o f  m aking 
2 : 4 : 6 - t r lm e t h y l h e p t a n o l - 4 . They a r e :
( 1 ) by th e  i n t e r a c t i o n  o f  m e th y l i s o b u t y l  k e to n e  and is o b u t y l -
m agnesium  brom ide
( GHg) gGHCHg . CO.  CH5  4 - ( GHg) gOHgCHMgBr
( 2 ) by  th e  i n t e r a c t i o n  o f  an  a c e t i c  a c id  e s t e r  and i s o b u t y l -
m agnesium  brom ide
CHgGOgR 4- (CHgjgCHCHgMgBr
( 5 ) by  th e  i n t e r a c t i o n  o f  d i i s o b u t y l  k e to n e  and m ethy l-m agnesium
b rom ide
( CHg) gCHCRg .GO. GRgCH( GHg) g f  CRgMgBr
E ach m ethod was t e s t e d  and i t  was found  t h a t  f o r  th e  
p u rp o se  o f  p r e p a r in g  a  p u re  h y d ro c a rb o n  m ethod ( 1 ) i s  m ost 
s u i t a b l e .  H ow ever, m ethod (2 ) was u se d  f o r  p r e p a r in g  m ost 
o f  t h e  h y d ro c a rb o n . M ethods (1 ) and  (2 ) s u f f e r  from  th e  two 
g r e a t  d is a d v a n ta g e s  i n  u s in g  i s o b u t y l  m agnesium  b ro m id e .
F i r s t l y  th e  p r e p a r a t i o n  o f  p u re  i s o b u ty lb ro m id e  i s  d i f f i c u l t  
and e x a c t i n g .  (A p a r t  o f  t h i s  t h e s i s  d e s c r ib e s  th e  
d i f f i c u l t i e s  e n c o u n te re d  i n  th e  p r e p a r a t i o n  o f  t h i s  r e a g e n t ) • 
S e c o n d ly  th e  a c t i o n  o f  i s o b u t y l  m agnesium  brom ide on c a rb o n y l 
compounds i s  accom pan ied  by  r e d u c t io n  o f  th e  c a rb o n y l g ro u p .
M ethod (2 ) was c h o sen  s in c e  m e th y l i s o b u t y l  k e to n e
123
was n o t  a v a i l a b l e ,  and  s in c e  i t  gave b e t t e r  y i e ld s  th a n  ( i ) .
Prom th e  p o i n t  o f  v iew  o f  G rig n a rd  r e a g e n t  i t  m ig h t 
a p p e a r  t h a t  m ethods (1 )  and (2 ) b e a r  no c o n ç a r is o n  w ith  m ethod 
( 5 ) .  I n  th e  l a s t  c a s e  how ever i t  was found  t h a t  r e d u c t io n  
o f  t h e  k e to n e  to  th e  s e c o n d a ry  c a r b in o l  o o c u rre d  to  a  l a r g e r  
e x t e n t  th a n  was e x p e c te d .  T h a t any a p p r e c ia b le  r e d u c t io n  
o c c u rs  i n  t h i s  m ethod makes i t  im m e d ia te ly  q u e s t io n a b le ,  f o r  
th e  s e p a r a t i o n  o f  th e  s e c o n d a ry  and t e r t i a r y  c a r b in o l s  w ould 
be d i f f i c u l t ;  t h e i r  r e s p e c t i v e  B .P s . a r e  180° and 1 7 4 ° . I t  
was in d e e d  fo u n d  t h a t  by  f r a c t i o n a t i o n  a t  re d u c e d  p r e s s u r e  
( E x p t .4 6 ) ,  t h e  m a jo r  p a r t  o f  th e  r e a c t i o n  p ro d u c t  was o b ta in e d  
a s  an  a z e o t r o p e  o f  th e  t e r t i a r y  and s e c o n d a ry  c a r b in o ls  
b o i l i n g  a t  5 5 - 5 4 O/O .7 5  ma.Hg and h a v in g  1 .4 5 0 9 .
A t f i r s t  s i g ^ t  one w ould n o t  e x p e c t a  m e th y l 
G r ig n a rd  r e a g e n t  to  c a u s e  r e d u c t io n ,  s in c e  r e d u c t io n  n e c e s s ­
i t a t e s  th e  fo rm a tio n  o f  m e th y le n e  r a d i c a l s  and t h e i r  l i n k i n g  
to  fo rm  e th y le n e :
H . . C • (* H --  'GHg' + H ----CHg =*=CHg
a
H
A lth o u g h  i t  was n o t  found  p o s s i b l e  to  s e p a r a te  th e  
a z e o tro p e  by f r a c t i o n a t i o n  a t  a  d i f f e r e n t  p r e s s u r e  (E x p t 46) 
i t  was p o s s i b l e  t o  o b t a in  a  p h e n y lu re th a n e  by  h e a t i n g  one o f  
th e  lo w e r  b o i l i n g  f r a c t i o n s  w ith  n h e n rl i a o o y a n a te . The M.P o f  
th e  p h e n y lu re th a n e  was 1 5 2 -1 5 5 ° . S K ita  (1908)®®g iv e s  t h a t  o f  
d i i a o b u ty l c a r b in o 1 a s  1 5 4 ° . T re a tm e n t o f  th e  same f r a c t i o n  
w ith  2 : 4 - rd in i t r o p h e n y lh y d r a z o n e  b y  B ra d y 's  m ethod f a i l e d  to  
g iv e  a  k e to n e  d e r i v a t i v e .
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S im i l a r  r e d u c t io n  by m éthylm agnésium  brom ide was
r e p o r te d  by S tas^w ho  o b ta in e d  a  785È y i e l d  o f  th e  se c o n d a ry
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c a r b i n o l  from  d i i s o p ro p y l  k e to n e .  W hitm ore and G eorge , 
h o w ev er, s a y  t h a t  t h i s  r e a c t i o n  i s  accom panied  by n e i t h e r  
r e d u c t io n  n o r  é n o l i s a t i o n .
I t  was found  p o s s i b l e  h o w ev er, to  s e p a r a te  ( v i r t u a l l y )  
th e  two c a r b i n o l s  by  d e h y d r a t io n .  By d i s t i l l i n g  o v e r  
n a p h th a le n e - 2 - s u lp h o n ic  a c id  (E x p t.4 6 d )  o n ly  2 * 4 :6 -  
t r im e th y lh e p ta n e  was o b ta in e d ,  B.P# 144-145^ 1 .4 2 0 4 , w h ich
on r e d u c t io n  g ave  2 :4 * 6 - t r im e th y lh e p ta n e ,  B .P . 145-146° 
n^^  1 .4 0 7 5 . The c h a r a c t e r i s t i c s  o f  2 ; 6 -d im e th y lh e p te n e  and 
2 : 6 - d lm e th y lh e p ta n e  a r e  r e s p e c t i v e l y  B .P . 152° and B .P .
133-154® n P  1 .4 0 6 7 .
A lth o u g h  i t  was p o s s i b l e  to  o b ta in  th e  d e s i r e d  
o l e f i n  and  p a r a f i n  from  t h i s  r e a c t i o n  i t  i s  n e v e r th e le s s  
p r e f e r a b l e  to  u s e  a  r e a c t i o n  su c h  a s  ( 1 ) and ( 2 ) from  w hich  
a  p u re  p r o d u c t  r e p r e s e n t a t i v e  o f  each  s ta g e  i n  th e  s y n th e s i s  
can  be o b ta in e d .
60M ethod (1 )  was t h a t  u s e d  by  Bodroux and T ab o ry (1 9 0 8 ) , 
th e  f i r s t  o c c a s io n  on  w h ich  2 : 4 ; 6 - 1 r im e th y lh e p ta n o  1 - 4  was 
s y n th e s i s e d .  I n  a  s e r i e s  o f  G rig n a rd  r e a c t i o n s  b e tw een  
m e th y l i s o b u t y l  k e to n e  and c e r t a i n  G rig n a rd  r e a g e n ts  th e y  
r e c o r d  y i e l d s  o f  th e  c o r re s p o n d in g  t e r t i a r y  c a r b in o l s  b e tw een  
40 and 6 0 ^ , i n d i c a t i n g  t h a t  t h e i r  y i e l d  o f  2 * 4 * 6 -t r i m s t h y l -  
h e p ta n o l - 4  was i n  t h i s  r e g io n .  They r e p o r te d  t h a t  i n  th e
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c a s e s  o f  e th y lM g B r, n -p ropy lM gB r, and iso b u ty lM g B r (a )  
c o n s id e r a b le  am ounts o f  unchanged  k e to n e  re m a in e d , (b ) 
th e  u n s a tu r a t e d  h y d ro c a rb o n  c o r re s p o n d in g  to  th e  t e r t i a r y  
c a r b i n o l s  w ere  o b ta in e d  b u t  co u ld  n o t  be  s e p a r a te d  from  
th e  n e a r  b o i l i n g  k e to n e ,  ( c )  e th a n e ,  p ro p a n e , and 
i s o b u ta n e  w ere  e v o lv e d , and (d ) a  sm a ll  am ount o f  h ig h  
b o i l i n g  l i q u i d  was fo rm ed .
W hereas B odroux and T abory  worked w ith  eq u im o la r  
p r o p o r t i o n s ,  i n  th e  p r e s e n t  p r e p a r a t i o n  o f  th e  c a r b in o l  an  
e x c e s s  o f  i s o b u ty lm a g n e s iu m  brom ide was u se d  and th e r e  w ere 
o b ta in e d  a  21JÉ y i e l d  o f  t h e  t e r t i a r y  c a r b in o l  and a  38^ 
y i e l d  o f  th e  s e c o n d a iy .
A m ore d e t a i l e d  i n v e s t i g a t i o n  ( P a r t  I I )  o f  t h i s  
r e a c t i o n  showed t h a t  th e  h ig h  b o i l i n g  l i q u i d  (d ) o b ta in e d  
by B odroux and T ab o ry  was p ro b a b ly  th e  u n s a tu r a te d  k e to n e
^CH.CHp.C * G H .  CO-^CHo CH.
C H s  I C H 3
CH5
r e s u l t i n g  from  th e  c o n d e n s a t io n  o f  two m o le c u le s  o f  m e th y l 
i s o b u t y l  k e to n e ,  and t h a t  th e  g as  (c )  e v o lv e d  d u r in g  r e a c t i o n  
was p ro b a b ly  n o t  i s o b u ta n e  b u t  i s o b u t y l e n e .
I n  no c a s e  was i t  p o s s i b l e  to  o b ta in  su c h  a h ig h  
y i e l d  o f  t e r t i a r y  c a r b in o l  a s  4 0 ^ .
F o r th e  above r e a c t i o n s  th e  m e th y l i s o b u t y l  k e to n e
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was made f i r s t l y  from  a e e t o a c e t i c  e s t e r
OEg
CHg CO.CHg.COg E t  CHg.CO.CH.CO2 Et —» CHgCO.CHg.CH'^^
'ce ■
CH5  ^CHs
and t h e n ,  when m e s i ty l  o x id e  was a v a i l a b l e ,  by th e  c a t a l y t i c  
r e d u c t io n  o f  t h i s  u n s a tu r a te d  k e to n e .
The d i f f i c u l t i e s  e x p e r ie n c e d  i n  p r e p a r in g  m e th y l-  
i s o b u t y l  i n  th e  q u a n t i t i e s  r e q u i r e d ,  p a r t i c u l a r l y  from  
a e e t o a c e t i c  e s t e r ,  made m ethod ( 2 ) ,  th e  i n t e r a c t i o n  o f  m e th y l 
a c e t a t e  and iso b u ty lm a g n e s iu m  b ro m id e , p r e f e r a b l e .
2 % 4 ; 6 -  t r im s  th y lh e p  t ^ o l - 4  was p re p a re d  i n  a s i m i l a r  
way by  H a ls e  ( 1 9 1 4 ) ^ is in g  e t h y l  a c e t a t e  and i s o b u ty lm ag n esiu m  
b ro m id e . Ho e x p e r im e n ta l  d e t a i l s  o f  t h i s  r e a c t i o n  w ere g iv e n .
R e a c t io n  b e tw een  e x c e s s  i s o b u ty lm ag n esiu m  b rom ide 
and m e th y l a c e t a t e  gave y i e l d s  o f  2 * 4 ;6 - t r im e th y lh e p ta n o l - 4  
v a r y in g  b e tw een  20 and T hese y i e l d s  w ere o b ta in e d  by
v a ry in g  th e  r a t i o  o f  r e a c t a n t s ,  th e  t im e  o f  r e f l u x ,  and th e  
s o u rc e  o f  th e  i s o b u t y l  b ro m id e . The l a t t e r  v a r i a b l e  d o es n o t  
s tem  to  b e  o f  much a c c o u n t (p.Z15}« A lth o u g h  th e  lo w e s t 
y i e l d s  o f  t e r t i a r y  c a r b in o l  w ere o b ta in e d  when is o b u t y l  b ro m id e  
made by th e  h y d ro b ro m ic  a c id  m ethod was u s e d ,  some y i e l d s  
u s in g  t h i s  b ro m id e  w ere a l s o  o b ta in e d  co m p arab le  w i th  th o s e  
u s in g  i s o b u t y l  b rom ide made by th e  p h o sp h o ro u s  t r ib r o m id e  
m ethod! The r e s u l t s  ta b u la te d  on p .  do n o t  r e a l l y  e n a b le  
d e t tn i te  c o n c lu s io n s  to  be draw n a b o u t th e  e f f e c t  o f  c o n d i t io n s  
on th e  y i e l d  o f  t e r t i a r y  c a r b i n o l .  I t  i s  n o t i c e a b le  h o w ev er.
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t h a t  th e  two h i g h e s t  y i e l d s  w ere o b ta in e d  w ith  th e  s h o r t e s t  
tim e  o f  r e f l u x .
Prom th e s e  r e a c t i o n s  t h r e e  b y -p ro d u c ts  w ere o b ta in e d  
and i d e n t i f i e d .  They w ere (1 ) m e th y l i s o b u t y l  k e to n e  and
( 2 ) m e th y l i s o b u t y l c a r b i n o l ,  b o th  found  i n  th e  low b o i l i n g  
r e a c t i o n  p r o d u c t ,  and (5 )  m e th y l i s o b u t y l  k e to n e  k e t o l  
c o n s t i t u i n g  th e  h ig h  b o i l i n g  r e a c t i o n  p r o d u c t .
O nly s m a ll  am ounts o f  m e th y l i s o b u ty l  k e to n e  w ere 
o b ta in e d  ( E x p t .6 1 ) ,  b u t  c o n s id e r a b le  am ounts o f  m ethyl i s o b u t y l -  
c a r b i n o l  ( E x p t . 5 2 ) .  The c a r b in o l  was c h a r a c te r i s e d  by th e  
p r e p a r a t i o n  o f  t h e  £ - to lu e n e s u lp h o n a te  and th e  5 * 5 - d in i t r o b e n -  
z o a t e .  The o n ly  s o l i d  d e r i v a t i v e s  o f  t h i s  c a r b in o l  r e c o rd e d  
a r e  th e  p h e n y lu r e th a n e ,  th e  1 -n a p h th y  l u r e  th a n e ,  and th e  
a l lo p h a n a te *  A ll  a t te m p ts  to  p r e p a r e  th e  p h e n y lu re th a n e  
w ere u n s u c c e s s f u l .  A tte m p ts  to  p r e p a r e  a  s o l i d  h y d ro g e n p h th -  
a l a t e  w ere  a l s o  u n s u c c e s s f u l ,  a  v e ry  v is c o u s  l i q u i d  b e in g  
o b ta in e d ,  w h ic h , even  a f t e r  p u r i f i c a t i o n  by  th e  u s u a l  sodium  
b ic a r b o n a te  e x t r a c t i o n  m e th o d , rem a in ed  l i q u i d .
The £ - to lu e n e s u lp h o n a te  h a s  a  M .P. 59-40® , and th e  
3 ; 5 - d in i t r o b e n z o a t e  h a s  a  M.P* 6 0 .5 -6 1 .5 ?
The k e t o l  o f  m e th y l i s o b u t y l  k e to n e  was o b ta in e d  
i n  th e  d e h y d ra te d  form
^'CEs
^CH.CHg'-G^CH . GO — CHg.GH 
GHg CHg
and was i d e n t i f i e d  by a n a l y s i s ,  M .w t.,  and th e  p r e p a r a t i o n  and
a n a ly s i s  o f  th e  2 : 4- d in i t r o p h e n y lh y d r a z o n e  ( E x p ts .  65 and 5 6 ) .
T h ese  f in d in g s  l e d  to  f u r t h e r  s tu d y  o f  th e
,:V
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I n t e r a o t l o n  o f  e s t e r s  and G r ig n a rd  r e a g e n t s ,  ^ d  a r e  d is c u s s e d  
i n  P a r t  I I I  o f ; t h i s  t h e s i s .
'
,j 'f:'
-
M
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D e h y d ra tio n  o f  2 ;4 ;6 - t r lm e th y lh e p ta n o l - 4
D e h y d ra tio n  o f  t h i s  c a r b in o l  g iv e s  2 :4 :6 -  
t r im e th y lh e p te n e - 5 ;  *
CHg - GH -  OH -■*- C CHg^CH'CHg 
CH3 GHg GHg 
T h is  was f i r s t  made by  T u o t (1 9 5 3 )^ ^ . T uo t u sed  anhydrous 
c o p p e r  s u lp h a t e  a s  th e  d e h y d ra t in g  a g e n t b e c a u se  o f  th e  
p o s s i b i l i t y  o f  t a r  f o rm a tio n  and c o n v e rs io n  to  o rg a n ic  a c id s  
and o t h e r  p r o d u c ts  h a rm fu l to  th e  y i e l d  and p u r i t y  o f  th e  
u n s a tu r a t e d  h y d ro c a rb o n  when a c id  c a t a l y s t s  su ch  a s  KHSO4, 
o x a l i c  a c i d ,  Hg SO 4, Z nC lg , and A lg ( 8 0 4 ) 5 , u s e d ,  and 
b e c a u s e  th e  n e c e s s i t y  o f  p a s s in g  th e  c a r b in o l  o v e r  th e  
c a t a l y s t s  s e v e r a l  t im e s  f o r  co m p le te  d e h y d ra t io n  f r e q u e n t ly  
c a u se s  i s o m é r i s a t i o n  and t r a n s p o s i t i o n .
I n  th e  p r e s e n t  s y n th e s i s  n a p h th a le n e - 2 - s u lp h o n ic  
a c id  was u se d  a s  d e h y d r a t in g  c a t a l y s t .  No t r o u b le  was g iv e n  
by t h i s  c a t a l y s t .
R e d u c t io n : From th e  d e h y d r a t io n  2 * 4 : 6 - t r i m e t h y l -
h e p te n e -S  n  ^ 1 .4 2 1 4  was o b ta in e d ,  and t h i s  was f r a c t i o n a l l y  
d i s t i l l e d  and re d u c e d  to  th e  s a t u r a t e d  h y d ro c a rb o n  w ith  Adam’ s 
PtOg c a t a l y s t  and h y d ro g en  a t  t h r e e  a tm o sp h e re s  p r e s s u r e .
58T h is  h e p ta n e  h a s  b ee n  re d u c e d  i n  a  s i m i l a r  m anner by  T u o t •
A f t e r  s e v e r a l  f r a c t i o n a t i o n s  o v e r  sodium  and s e v e r a l  
r e - r e d u c t i o n s  a  p ro d u c t  was o b ta in e d  f r e e  from  o l e f i n .  T h is  
was f r a c t i o n a t e d  and c o l l e c t e d  i n  5 ml p o r t io n s  o f  w hich  th e
13n
f o u r th  B.P» 1 4 5 .2  -  1 4 5 ,4 °  n  1 .4 0 8 0  and th e  n in e te e n th
B .P . 1 4 7 ,2  -  1 4 7 .4 °  n  1 .4 0 8 4  w ere exam ined by i n f r a - r e d
s p e c t r o s c o p e .  The accom panying  p h o to g ra p h s  o f  th e  a b s o rp t io n  
s p e c t r a  o f  th e s e  two f r a c t i o n s  show th e  s i m i l a r i t y  o f  th e  two 
'ri f r a c t i o n s .
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2 : 3 : 6 -T r lm e th y lh # « « A
T h is  h y d ro c a rb o n  was f i r s t  p r e p a re d  by S i l v a (1 8 7 2 )^ ^  
as  a  b y - p ro d u c t  i n  th e  a t te m p te d  p r e p a r a t io n  o f  d i i s o p r o p y l .
The a c t i o n  o f  sod ium  amalgam on i s o p ro p y l  io d id e  a t  140® gave 
l i t t l e  d i l s o p r o p y l  b u t  some g a s e s  and a h y d ro c a rb o n  b o i l i n g  a t  
150® w hose c o B ^ o s i t io n  and v a p o u r  d e n s i ty  c o rre sp o n d e d  w ith  
th e  fo rm u la
CHg i s o P r
I = ■ ’ • ‘ Ï  : . \
CHg.CR  i s o p r
The same h y d ro c a rb o n  was a l s o  o b ta in e d  i n  th e  a t te m p te d  p r e ­
p a r a t i o n  o f  s i n e  d i i s o p ro p y l
64R e fe re n c e  i s  a l s o  made by  L e s p ie a u (1921) to  th e  
p o s s i b l e  b ro m id e  o f  2 : 3 : 5 - 1 r im e th y lh e x a n e . The a c t i o n  o f
iso p ro p y lm a g n e s iu m  b ro m id e  on p ro p y le n e  d ib ro m id e  g ave  two 
b ro m id e s :
^OHg
(1) CHg— CBrCHgCH(^^^
and (2 )  a  l i q u i d  c o n ta in in g  38 #1$ b rom ine w hich  h e  s u g g e s te d  
was th e  m onobrom ide
CHgCHCBrCHgCHCHs 
CgCHg CH5
form ed by  th e  a c t i o n  o f  i s o p ropy lm agnesium  b ro m id e  on ( 1 )
58The h y d ro c a rb o n  was s y n th e s i s e d  by  T u o t , who s t a r t e d  
w ith  2 : 3 : 6 - t r lm e th y lh e x a n o l- 3 ^  d e h y d ra te d  t h i s  to  2 :3 :5 -  
t r im e th y lh e x e m e -2 # and re d u c e d  th e  l a t t e r  to  th e  s a t u r a t e d  
h y d ro c a rb o n . Ho In fo r m a t io n  I s  g iv e n  by  T u o t o th e r  th a n  th e  
m ethod o f  p r e p a r a t i o n  and th e  p h y s ic a l  c o n s t a n t s .  He d e s c r ib e s
2 î5 î5 - t r im e th y lh e x a n o l - 5  a s  new and g iv e s  th e  p r e p a r a t i o n  
a s  t h e  a c t i o n  o f  iso p ro p y lm a g n es itm i b ro m id e  on m e th y l i s o b u t y l  
k e to n e .
2 : 3 : 5 - 1 r im e th y lh e w a n e  h a s  a l s o  l a t e l y  b e e n
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s y n th e s is e d  by Howard e t  a l  (1947) by  th e  a c t i o n  o f  
i s o p ropy lm ag n esiu m  c h l o r id e  on  l - c h lo r o - 2 :5 - d i m e t h y lb u te n e - 2 .  
T h is  gave 2 j3 t5 — tr im e th y lh e x e n e  w h ich  waa th e n  c a t a l y t i c a l l y  
re d u c e d  to  th e  h e x a n e . T h is  r e a c t i o n  how ever^ g iv e s  a l s o  
a n o th e r  h y d ro c a rb o n  2 :3 :3 % 4 -t e t ram eth y lp e n te n e - 1 . The two
h y d ro c a rb o n s  a r e  th o u g h t  t o  r e s u l t  from  th e  a c t i o n  o f  i s o -  
p ro p y lm ag n esiu m  c h l o r id e  on th e  two iso m e rs  o f  th e  
d lm e th y lc h lo r o b u te n e ,  1 - c h l o r o - 2 ; 3 - d im e th y lb u te n e - 2 and 
3 - c h l o r o - 2 : 3 -d im e th y Ib u te n e - 1 . Howard and c o -w o rk e rs  
o b ta in e d  th e  two h y d ro c a rb o n s  i n  a  r a t i o  o f  1 8 j l ,  w h ile  
C l in e  ( 1 9 4 0 ) ^ ^ s i n g  th e  b rom obu tene  i n s t e a d  o f  th e  c h lo ro b u te n e  
o b ta in e d  a  r a t i o  o f  1 . 6 : 1 .
The p h y s ic a l  p r o p e r t i e s  o f  th e  two s a t u r a t e d  
h y d ro c a rb o n s  a r e  r e s p e c t i v e l y
B .P . 1 5 1 .9 °  n § °  1 .4 0 6 0
B .P . 1 4 1 .9 °  n |®  1 .4 2 1 8
A lth o u g h  th e  d i f f e r e n c e  i n  B .P . and r e f r a c t i v e  in d e x  
i s  co B Q )ara tiv e ly  l a r g e  f o r  two n o n a n e s , t h e  f a c t  t h a t  two
h y d ro c a rb o n s  a r e  p ro d u ced  from  th e  one r e a c t i o n ,  and t h a t  th e s e
h y d ro c a rb o n s  a r e  s e p a r a b le  o n ly  by p h y s ic a l  m e th o d s , m akes 
th e o h o io e  o f  su ch  a r e a c t i o n  u n w ise  f o r  p r e p a r in g  a  
s p e c t r o s c o p i c a l l y  p u re  h y d ro c a rb o n .
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I n  th e  p r e s e n t  work th e  h y d ro c a rb o n  was s y n th e s i s e d  
from  2 ; 5 ; 6- 1 rim e  th y  Ihex&no 1 - 3 . The c a r b in o l  can  b e  p re p a re d  
by t h r e e  m e th o d s ,  ea ch  o f  w h ich  was i n v e s t i g a t e d .  They a r e
(1 ) th e  i n t e r a c t i o n  o f  dLsopropylm agneaium  b ro m id e  and m e th y l 
i s o b u t y l  k e to n e
* CH • CHo • CO ♦ CH«i 4r MgBr.GH^ v.
( 2 ) th e  i n t e r a c t i o n  o f  is o b u ty Im ag n esiu m  b ro m id e  and m e th y l 
i s o p ro p y l  k e to n e
CHg. CHs
CHg
(3 ) th e  i n t e r a c t i o n  o f  m éthy lm agnésium  b rom ide  and i s o p r o p y l  
i s o b u t y l  k e to n e
CHg. ^C H x
^C H .C O .C H o.C H C C  ^  MgBr.CHg
CHg CHg
M ethod (1 )
I t  was fo u n d  t h a t  t h i s  m e th o d , f a r  from  b e in g  s im p le  
a s  m i ^ t  b e  im ag in ed  from  T u o t^ s  b r i e f  d e s c r i p t i o n ,  i s  accom­
p a n ie d  by  d i f f i c u l t i e s  i n  o p e r a t io n  and by  p o o r  y i e l d s .  I n  
s i x  o f  th e  p r e p a r a t i o n s  c a r r i e d  o u t  an  a v e ra g e  y i e l d  o f  16% 
was o b ta in e d .
One o f  t h e  s u i" p r is in g  f e a t u r e s  o f  th e  p r e p a r a t io n s  
was th e  n e c e s s i t y  to  vacuum s e p a r a te  th e  r e a c t i o n  p ro d u c t  i n t o  
two p o r t i o n s .  The u s u a l  p ro c e d u re  i n  th e  p r e p a r a t i o n  o f
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t e r t i a r y  c a r b in o l s  h ad  b ee n  to  vacuum  d i s t i l  th e  w hole o f  
th e  p ro d u c t  and to  f r a c t i o n a t e  th e  d i s t i l l a t e  a t  a tm o s p h e r ic  
p r e s s u r e .  When t h i s  p ro c e d u re  was a p p l ie d  to  2 :5 :5 -  
t  r im e  th y  Ih e x a n o l i n d i c a t i o n  o f  much c r a c k in g  was g iv e n  and 
f r a c t i o n a t i o n  a t  a tm o s p h e r ic  p r e s s u r e  was found  to o  d i f f i c u l t  
u n le s s  th e  r e a c t i o n  p ro d u c t  was f i r s t  s e p a r a te d  by vacuum 
d i s t i l l a t i o n  i n t o  two d i s t i l l a t e s  b o i l i n g  (a )  below  -  l0 0 ® /5 0  
m  Hg (b ) b e tw e en  l0 0 -1 4 0 ® /5 0  mm Hg. F r a c t i o n a t i o n  o f  th e  
fo rm e r  g av e  th e  t e r t i a r y  c a r b i n o l  w i th o u t  d i f f i c u l t y ,  w h ereas  
f r a c t i o n a t i o n  o f  th e  l a t t e r  was a lw ay s accosqpanied by  h eav y  
c r a c k in g .  The to p  d i s t i l l a t e s  from  (b ) a lw ay s c o n ta in e d  w a te r ,  
and from  t h e i r  b o i l i n g  p o in t s  s h o u ld  h av e  b een  i n  p o r t i o n  
(a )  u n le s s  th e y  w ere  th e  r e s u l t  o f  d e c o m p o s it io n  when (b ) was 
d i s t i l l e d  a t  a tm o s p h e r ic  p r e s s u r e .  I t  was th e n  fo u n d  t h a t  
th e s e  to p  d i s t i l l a t e s  from  (b ) c o n ta in e d  c o n s id e r a b le  am ounts 
o f  m e th y l i s o b u t y l  k e to n e
R e fe re n c e  h a s  a l r e a d y  b een  made ( p .  12,5 ) to  th e  
k e t o l i s a t i o n  o f  m e th y l i s o b u t y l  k e to n e .  I n  th e  above r e a c t i o n s  
b e tw een  Iso p ro p y lm a g n e s iu m  b ro m id e  and m e th y l i s o b u t y l  k e to n e  
i t  was o b v io u s  t h a t  th e  same k e t o l i s a t i o n  was o c c u r r in g  b u t  
to  a  g r e a t e r  e x t e n t .  The k e t o l
^CHCHpC(OH)CHo.CO.CHpCH<^
GH3 ^  n  ® ^ C H s
CHg
form ed th e  h ig h  b o i l i n g  d i s t i l l a t e  (b )  and n o t  o n ly  d id  t h i s  
s u f f e r  d e h y d r a t io n  a t  t h e  t e r t i a r y  c a r b in o l  g ro u p  when d i s t i l l e d
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a t  a tm o s p h e r ic  p r e s s u r e  b u t  a l s o  b ro k e  down to  th e  o r i g i n a l  
k e to n e .
T h is  i s  i n  a c c o rd a n c e  w ith  th e  a n a lo g o u s  f in d in g s  
o f  Usherwood (1925)^*^t h a t  th e  d i s t i l l a t i o n  o f  i s o b u t y r a l d o l  
g ave  33% o f  th e  o r i g i n a l  i s o b u t y r a ld e h y d e . ( R e c e n t ly ,  
h o w ev e r, a s  i s  d i s c u s s e d  by Owen i n  A nnual R e p o rts  1944 , 
a d d i t i o n  compounds h av e  b een  shown to  be form ed b e tw een  a l d o l s  
and a ld e h y d e s ,  w h ic h , on  d i s t i l l a t i o n ,  b r e a k  down to  th e  a l d o l  
and a ld e h y d e  a g a in .  I t  may be p o s s i b l e  t h a t  su c h  a d d i t i o n  
p r o d u c ts  c a n  be  form ed by  k e t o l s  and k e to n e s ,  b u t  i n  th e  
p r e s e n t  c a s e  o f  m e th y l i s o b u ty l  k e to n e  th e  r e s u l t s  o b ta in e d  
p o in t  m ore t o  th e  breakdow n o f  th e  k e t o l  o n l y ) .
B ecau se  o f  th e  l a r g e  am ount o f  k e t o l i s a t i o n  o c c u r r in g
i t  was a t te m p te d  to  m in im ise  th e  k e t o l i s a t i o n  by  a l t e r i n g  th e  
c o n d i t io n s  o f  r e a c t i o n ,  i t  was th o u g h t t h a t  t h i s  m ig h t he  
e f f e c t e d  by i n c r e a s i n g  th e  r a t i o  o f  G r ig n a rd  r e a g e n t  to  k e to n e  
o r  by d e c r e a s in g  th e  c o n c e n t r a t io n  o f  k e to n e  i n  s o l u t i o n .  
N e i th e r  in c r e a s e  i n  th e  am ount o f  G r ig n a rd  r e a g e n t  n o r  a d d in g  
th e  k e to n e  i n  e t h e r  s o l u t i o n  g ave  any m arked a l t e r a t i o n  i n  th e  
r e l a t i v e  am ounts o f  t e r t i a r y  c a r b in o l  and k e t o l .  A gain  no 
g r e a t  a l t e r a t i o n  was o b ta in e d  by th e  r e v e r s e  a d d i t i o n  o f  th e
G r ig n a rd  s o l u t i o n  to  an e t h e r  s o l u t i o n  o f  th e  k e to n e ,  o r  by
in c r e a s i n g  th e  tim e  o f  r e f lu x in g  th e  r e a c t a n t s  a f t e r  a d d i t i o n .
The t a b l e  below  shows th e  r e s u l t s  o b ta in e d  from  
some o f  th e  r e a c t i o n s .  The t e r t i a r y  c a r b in o l  was o b ta in e d  by 
f r a c t i o n a t i n g  d i s t i l l a t e s  ( a ) .  The aqueous d i s t i l l a t e  (d e n o te d
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by  A q .) ,  w h ich  c o n ta in e d  m e th y l i s o b u t y l  k e to n e ,  and th e  
d e h y d ra te d  k e t o l  (d e n o te d  by  dj[) w ere  o b ta in e d  by f r a c t i o n a t i n g  
d i s t i l l a t e s  ( b ) .
Exffc
gm.mol
k e to n e
gm.mol
G rig n a rd
H ours
R e flu x
gm.
t e r t " •OH
gm.
Aq.
gm#
dK
gm.
Aq-dK
(61) 1 .0 1 .1 6 1 2 2 .5 13 . 0 22 55
(62) 1 .0 2 .3 1 2 8 .0 9 .0 28 37
(63) 1 .0 2 .3 1 2 5 .5 5 .5 33 3 8 .6
(64) 0 .6 1 .1 6 1 1 2 .5 - -
(65 ) 1 .0 2 .3 6 2 2 .0 1 8 .0 16 33
(66) 1 .0 1 .2 3 8 2 5 .5 5 .0 32 37
I n  E x p t.(6 3 ) th e  k e to n e was added as  a 205? s o l u t i o n in
an h y d ro u s e t h e r .
I n  E x p t.(6 4 )  th e  G r ig n a rd  was added  to an e t h e r s o l u t i o n  o f
th e  k e to n e .
L a te r  e x p e r im e n ts  showed t h a t  i t  was p o s s i b l e  to  i n c r e a s e  th e  
am ount o f  t e r t i a r y  c a r b i n o l  by  u s in g  a b e t t e r  f r a c t i o n a t i n g  
te c h n iq u e ,  and by  w o rk in g  a t  a  lo w e r  te m p e r a tu r e .  I t  was a l s o  
found  t h a t  iso p ro p y lm a g n es iu m  c h l o r id e  g ave  a lo w e r  y i e l d  th a n  
th e  b ro m id eI
IsoPrMgBrC b o i le d )  îaoPrMgBrC c o ld )  I s o prMgCl
E x p erim e n t (7 ) (8 )  ( l6 a )
gm y i e l d  ^  gm y i e l d  ^  gm y i e l d  ^
t e r t i a r y - O H  31 2 1 ,5  34 2 3 .6  21 1 3 .9
k e t o l  53 46 56
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Method (2)
O nly one e x p e rim e n t u s in g  t h i s  m ethod s u f f i c e d  to  show 
t h a t  i t  p o s s e s s e d  no a d v a n ta g e  o f  y i e l d  o v e r  m ethod (1 ) to  
c o u n te r b a la n c e  th e  d is a d v a n ta g e s  o f  th e  p r e p a r a t i o n  o f  i s o b u t y l  
b rom ide  and m e th y l i s o p r o p y l  k e to n e .  From 1 gm.mol
o f  k e to n e  and 2 gm .m ols o f  G r ig n a rd  r e a g e n t  t h e r e  w ere o b ta in e d  
25 gm. o f  th e  t e r t i a r y  c a r b i n o l  and n e a r l y  50 gm. o f  th e  
s e c o n d a ry  c a r b i n o l  r e s u l t i n g  from  th e  r e d u c in g  a c t i o n  o f  th e  
G r ig n a rd .
The m e th y l i s o p ro p y l  k e to n e  was p r e p a re d  from  t e r t - amyl 
a lc o h o l  (O rg a n ic  S y n th e s e s  C o l l .  V o l. 2 , 408)
M ethod (3)
T h is  m ethod h a s  an  o u t s ta n d in g  d i f f i c u l t y  even  b e f o r e  
th e  r e a c t i o n  can  be I n v e s t i g a t e d ,  ( i . e )  th e  p r e p a r a t i o n  o f  t h e  
k e to n e .  %hen t h i s  h ad  b een  p r e p a r e d  (p p 4 ^ 1 -1 4 ^ ) i t s  i n t e r a c t i o n  
w ith  m éthy lm agnésium  b ro m id e  showed t h a t  a s  a  m ethod o f  p r e p a r in g  
a p u re  h y d ro c a rb o n  m ethod (3 ) i s  u n s a t i s f a c t o r y .  As w ith  
d i i s o b u t y l  k e to n e  and m éthy lm agnésium  brom ide (p#lZS) r e d u c t io n  
o c c u r re d  and i t  was in ç )O ss ib le  to  c o m p le te ly  s e p a r a t e  th e  
s e c o n d a ry  and t e r t i a r y  c a r b i n o l s .
From th e  i n t e r a c t i o n  o f  0 .5  m o l. G r ig n a rd  r e a g e n t  
and 0 .3 3  iw>l. k e to n e  a p ro d u c t  o f  34 gm. (705? y i e l d )  B .P . 162-167^ 
was o b ta in e d .  When t h i s  was f r a c t i o n a t e d  a  ra n g e  o f  d i s t i l l a t e s  
was o b ta in e d  from  167° to  166^ w ith  a  ra n g e  o f  np^*^from  1 .4 2 4 0
to  1 .4S 21 . 138
1Bopropylleolmtyl carbinol B.P. 156-168° n 1.4246 
2:5j5-trimothylhexanor-5 B.P. 165-166° 1.4321
Althou^ It is probable that by the use of larger 
quantities of reactants some tertiary carbinol aould be 
obtained (none was obtained from diisobntyl ketone and 
méthylmagnésium bromide), the preparation of large amounts 
of the ketone Is very difficult, and much time was spent 
In preparing the small amount used In the above experiment. I
I■ i
2 %3%6-trl#M»thylhex0ne and 2 $3$6-trlmethylhexane. 179
 ^ .  •
The 2:3:5-1 rime thy lhexanol-4 was dehydrated by three 
methods, only two of which were found suitable. It was 
attempted to avoid using naphthalene-2-sulphonio acid as a 
dehydrating agent for although 2:3:6-trimethylhexanol-4 is 
easily dehydrated by this catalyst a gumtay residue remained 
and the olefin had a boiling range of lo^. Therefore Mùiydrous 
copper sulphate was used, and an attempt was also made to 
dohydrate the carbinol by refluxing with acetic anhydride and 
sodium acetate.
Dehydration by the acetic anhydride method did not 
go to completeness even after several hours reflux.
The use of copper sulphate was successful in one 
respect only. Dehydration occurred and was coi^lete after 
one or two hours reflux, and it was possible to obtain a clean 
product, (some of the olefin is absorbed by the copper sulphate 
but can be liberated by dissolving out with water and added to 
another dehydration of the same carbinol). The use of copper 
sulphate however, did not improve the boiling range of the 
product.
ivhen a product with a 1 0^ boiling range was obtained 
from the naphth&lene-2-sulphonic acid dehydrations it was 
thought that this was due to either (1 ) incomplete dehydration 
or (2 ) position isomerism of the double bond in the olefin. 
Prolonged reflux over the catalyst completely altered the product
140
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from iip 1.4280 to^  1.4448 so that the boiling range seemed due
to position Isomerism. Thé possibility that dehydration by
naphthalene-2-sulphonic acid goes through an estérification
stage increases the likelihood of position isomerism, and hence
it was thought that the use of copper sulphate would avoid this.
The same range of boiling point was obtained however. This
#
fact is not mentioned by Tuot. There is no doubt that 
isomerism of the double bond had occurred because separate 
reductions of the low and high boiling olefins gave parafins 
of the same refractive index, (i.e)
Olefin Parafin
126-150° n§° 1.4208 1.4092
150-155° n§° 1.4268 1.4096
Reduction of the bulk of the olefin, furthermore, gave a 
constant boiling hydrocarbon (Expt.74). Examination of the Infra­
red absorbtlon spectra with their characteristic wave bands 
shows the close similarity between the two end fractions of 
the hydrocarbon.
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1 aoPropyliaobutyl ketone
This ketone has already been prepared by the 
following workers, but their methods were not considered
suitable for large amounts of ketone.
60(1) PonsiQ(1900) by the action of sine dimethyl on 
isobutyryl chloride." '.
69 70
(2) Faworski (1915) , and Mayberry(1934) by the
oxidation of isopropylisobutylcarbinol with chromic acid.
71 ‘ . ■' ' '
(5) Semagiotto( 1919) by the oxidation of 2|6-
dimethylhexandiol with dilute suphuric acid.
Two other methods of preparing the ketone were tried 
and both were found to be unsuitable for large amounts of 
ketone.
The first consisted in the action of isobutymagnesium 
bromide on isobutyramide
^GHCHgMgBr + îïHgCO.CHC^ --- isoPr.CO.isoBu
OHg
Using a ratio of 3 mois Grignard reagent to 1.6 mol isobutyr­
amide this reaction gave only 19 gm isopropyl isobutyl ketone, 
which is a yield of 16^. On the other hand nearly twice this 
amount of 1 sobutyronitrile was formed by the dehydration of 
the amide by the Grignard reagent.
Apart from the poor yield of ketone, this method 
suffers from the disadvantage of the awkward preparation of 
both isobutyl bromide and isobutyramide, and of the necessity
% ?
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of adding an insoluble solid reagent to a Grignard solution, or 
conversely, of adding an easily decomposable Grignard solution 
to a solid.
The second method of preparing the ketone was the 
interaction of cadmium diisobutyl with isobutyryl chloride
Cdf(isoBu)r> 4^  2 T---  ^2 isoPr. CO. isoBu
~  —  —
Since this was a novel reaction to the author*s laboratory, 
a preliminary excursion into the use of cadmium dialkyls was 
made, and therefore, although the yields of isopropyl isobutyl 
ketone are given below, more infoiinatlon is given in the 
section dealing with cadmium dialkyls.
From the two preparations of isopropyl isobutyl ketone 
by this method yields of 14^ and 21% were obtained (iSxpts.78 & 79) 
The reactions carried out were between cadmium
S  ■
diisobutyl and three acyl chlorides; acetyl, propionyl, and 
isobutyryl. leading respectively to methyl isobutyl ketone, 
ethyl isobutyl ketone, and isopropyl isobutyl ketone.
(1) Methyl isobutyl ketone (Expts 75 and 76)
Cd.(isoBu)p 4- 2 CHg.COCl ---   2 Me.Go.ispBu
This reaction was performed twice, giving in each a 
105È yield of the ketone. A considerable amount of ethyl acetate 
was obtained from each reaction.
 ^ r. I
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The formation of ethyl esters from such reactions as j
. . 72
these has been examined by several workers (1947) and is 
attributed to the following reaction;
R.CO.Cl + (CgEB)gO ROOgCgHg + CgHsCl
(2) Ethyl isobutyl ketone# (Expt.77)
Cd(isoBu)g -+■ CH5CH2CÔCI — 2 Et.CO.lsoBu j
- This reaction was performed only once and gave a
' yield of ketone of 26^#
'  . . ■ % • • -  /  ■ • ! I
!
(3) isopropyl isobutyl ketone (Expts. 78 and 79) J
CRg
Cd(iso B u) o 4~ • /GH.COCl —— 2 is o P r .C O .iso H u
 . ^ oh/  —   ---3
This reaction was performed twice with the following
resu lts;
Excess of Cd dialkyl Yield of ketone
5ÜJÎ 14JÈ
lo o jf " 215È.
Conclusions;
The y ie ld s  o f ketones obtained were much lower than 
expected. Ho references have been found to the use o f cadmium 
di i s o butyl for preparative purposes, and i t  i s  hot known 
whether other workers have experienced the same low r e su lts .
The time spent in  preparing the isobu tyl brojnide, isobutyrul 
Chloride and anhydrous cadmium chloride, coupled with the 
d if f ic u lt  experimental conditions, does not favour the use ofA -
th is  reaction for preparing large amounts o f  isopropyl 
Isobutyl ketone.
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I t  i s  p ro b a b le  t h a t  i n c r e a s in g  th e  r a t i o  o f  cadmium 
d i a l k y l  to  a c y l  h a l i d e  w i l l  i n c r e a s e  ev en  m ore th e  y i e l d  o f  
k e to n e ,  b u t i n  d o in g  t h i s  th e  d i f f i c u l t y  o f  w ork in g  c o n d i t io n s  
i s  i n c r e a s e d .  The h ig h e r  th e  c o n c e n t r a t io n  o f  cadmium d i  a l k y l  
th e  m ore d i f f i c u l t  becom es s t i r r i n g  and a d d i t i o n  o f  th e  a c y l  
h a l i d e .
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M ethyl i e o b u ty l  k e to n e
N otes on th e  p r e p a r a t i o n  o f  t h i s  k e to n e  a r e  in c lu d e d  
s in c e  some a t te m p ts  w ere made to  in ^ ro v e  on  a  known m ethod ( 1 ) ,  
and to  in t r o d u c e  a  new m ethod ( 2 ) .
M ethod (1 ) The f i r s t  m ethod was t h a t  o f  an  a c e t o a c e t i c  e s t e r  
s u b s t i t u t i o n  ( fo l lo w in g  th e  m ethod g iv e n  f o r  m e th y l n -am y l 
k e to n e  i n  O rg an ic  S y n th e s e s  C o l l .  V o l. 2 , 248) i n  w h ich  an  
i s o p r o p y l  g ro u p  was s u b s t i t u t e d  i n t o  a c e t o a c e t i c  e s t e r  u s in g  
i s o p r o p y l  b ro m id e .
GHg. GOGHg. COget • CHs. COCH. COgEt OH#
 nSL   1  O H . G O C H e G H ( ^
Eton CH ^ ^CH#
(CH5)g.CHBr CH5 "CH3
A y i e l d  o f  k e to n e  o f  20% t h e o r y  was o b ta in e d ,  and a  c o n t r o l
e x p e r im e n t ( 8 0 ) was t h e r e f o r e  ru n  i n  w hich  a s m a ll  am ount o f
p o ta s s iu m  io d id e  was added  to* th e  s o d io - a c e to a c e t i c  e s t e r *
i s o p ro p y l  b ro m id e  s o l u t i o n  b e f o r e  r e f l u x i n g .  The id e a  was t o
se e  i f  any  in f lu e n c e  c o u ld  be  b r o u ^ t  to  b e a r  on th e  ex ch an ce
o f  g ro u p s  by  th e  two r e a c t a n t s ,  by th e  p o s s i b l e  exchange o f
h a l i d e  b e tw een  I s o p ro p y l  b rom ide  and p o ta s s iu m  i o d i d e .  A
s i m i l a r  e x p e rim e n t c o n ta in in g  no p o ta s s iu m  io d id e  was ru n  a t
th e  same t im e . The y i e ld s  o f  s u b s t i t u t e d  e s t e r  o b ta in e d  w ere
H I( 4 0 ^ ) ,  no KI ( 3 7 ^ ) .  S in c e  an  e a r l i e r  p r e p a r a t i o n  o f  th e
k e to n e  g ave  a  39^ y i e l d  o f  th e  s u b s t i t u t e d  e s t e r  th e n  i t  a p p e a rs
t h a t  th e  a d d i t i o n  o f  p o ta s s iu m  io d id e  does n o t  enhance  th e  
sp e ed  o r  e x te n t  o f  r e a c t i o n .
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A t h i r d  e x p e rim e n t (E x p t. 81) to  s e e  w h e th e r  an  
in c r e a s e d  tim e  o f  r e f l u x i n g  ca u se d  an  in c r e a s e  i n  y i e l d  o f  
s u b s t i t u t e d  e s t e r  gave a  29^ y i e l d  a f t e r  b o i l i n g  u n d e r  r e f l u x  
f o r  56 h o u r s .  W hitm ore (O rg . S y n th .)  sp e a k s  o f  th e  low y i e l d  
o f  m e th y l i s o b u t y l  k e to n e  due to  th e  l e s s  co m p le te  r e a c t i o n  
b e tw een  th e  s e c o n d a ry  a l k y l  b rom ide and th e  s o d io  a c e t o a c e t i c  
e s t e r .
M ethod (2 ) F u r th e r  e x p e r im e n ts  on  th e  p r e p a r a t i o n  o f  m e th y l 
i s o b u t y l  k e to n e  in c lu d e d  a t te m p ts  to  i s o p r o p y la t e  a c e to n e  
a c c o rd in g  to  th e  f o l lo w in g  schem e:
NaNHg
GH5 .GO.CH5  GHg.G(OH) :GHg -------- - CH5 .C (0  Ha) :GHg
/(G H 5)g«G H B r
^ C H 5
CH5-00.CH2CH:^
The a l k y l a t i o n  o f  k e to n e s  was i n v e s t i g a t e d  by H a l l e r  (1913)*^^who 
m e th y la te d  d i e t h y l  k e to n e  u s in g  sodam ide and m e th y l i o d i d e ,  
o b ta in in g  a s  p r i n c i p l e  p r o d u c ts  ( 1 ) e t h y l  i s o p r o p y l  k e to n e ,
(2 ) d i i s o p r o p y l  k e to n e  and (5 ) th e  i s o p h o ro n e  a n a lo g u e  o f  d i e t h y l  
k e to n e .
The f i r s t  a t te m p t  ( E x p t .82) to  in t r o d u c e  an  i s o p ro p y l  
g roup  i n t o  a c e to n e  r e s u l t e d  i n  th e  fo rm a tio n  o f  m e s i ty l  o x id e  
and a p a le  y e l lo w  l i q u i d  B .P . 2 1 5 -2 2 0 ^ . Ho p ro d u c t  c o r re s p o n d in g  
to  m e th y l i s o b u t y l  k e to n e  n o r  to  d i i s o b u t y l  k e to n e  was o b ta in e d .
S in c e  th e  o n ly  r e a c t i o n  t h a t  a p p e a re d  to  h av e  o c c u r re d  
was th e  c o n d e n s a t io n  o f  th e  a c e to n e ,  a  seco n d  ex p e rim e n t ( E x p t .85) 
was s t a r t e d  i n  w h ich  th e  sodam ide was added i n  s m a ll  am ounts to
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a c e to n e  c o o le d  i n  i c e  s l u r r y .  I t  was hoped  th e r e b y  t o  p r e v e n t  
th e  c o n d e n s a t io n  o f  th e  a c e to n e  by  m o d e ra tin g  th e  r e a c t i o n ,b u t  
a t  th e  lo w er te m p e ra tu re  u se d  r e a c t i o n  b e tw een  th e  sodam ide and 
th e  a c e to n e  w ould n o t  commence. T h is  e x p e rim e n t was t h e r e f o r e  
c a r r i e d  no f u r t h e r .
A t h i r d  e x p e rim e n t ( E x p t .84) was t r i e d  i n  w hich  th e
i
a c e to n e  was d i l u t e d  w i th  d ry  b e n z e n e , and th e  p ro d u c t  o b ta in e d
from  t h i s  c o n s i s te d  m o s tly  o f  th e  215-220^ l i q u i d  .and o f  some
m e s i ty l  o x id e .
The l i q u i d  b o i l i n g  b e tw een  215*220® was found  on
f r a c t i o n a t i o n  to  c o n s i s t  m o s tly  o f  a  p a le  y e llo w  l i q u i d  B .P .
211*215®, w ith  à  s m a ll am ount o f  an  o ran g e  l i q u i d  B .P . 245-244® .
The l i q u i d  b o i l i n g  b e tw een  213-215® was i d e n t i f i e d  by
a n a ly s i s  and by  a n a ly s i s  o f  i t s  se m lc a rb a zo n e  as  I s o p h o ro n e .
^ C ( C H 5 >^C H 2 . _  CRg
3 CHg. 0 0 .G H # _________ H C ^
, ^  00 — ------G B g " ^  ^  GH3
The l i q u i d  b o i l i n g  b e tw een  243*244® i s  b e l ie v e d  to  be
a - i s o x y l i t o n .  T h is ,  d e s c r ib e d  a s  o f  u n c e r t a i n  c o n s t i t u t i o n ,
74was o b ta in e d  by  K noevenaite l & S ch w artz  (1906) by th e  a c t i o n  o f  
sodium  e th o x id e  on a c e to n e .  The sem lca rb a zo n e  p r e p a re d  by th e s e  
w o rk e rs  h ad  a M .P. 158*159®. T h a t p r e p a re d  from  th e  245-244® 
l i q u i d  h ad  a  M .P. 157*158®. T h ere  was i n s u f f i c i e n t  f o r  a n a l y s i s .
M ethod ( 5 ) M ethyl i s o b u t y l  k e to n e  was f i n a l l y  p re p a re d  i n  l a r g e  
q u a n t i t i e s  by th e  r e d u c t io n  o f  m e s i ty l  o x id e .
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The r e d u c t io n s  w ere c a r r i e d  o u t  i n  g l a c i a l  a c e t i c  
a c id  s o l u t i o n  u s in g  Adam’ s PtO^ and Hg u n d e r  p r e s s u r e *  I t  was 
fo u n d  t h a t  th e  sp e e d  o f  r e d u c t io n  in c r e a s e d  a s  th e  am ount o f  
c a t a l y s t  was in c re a s e d *  tout t h a t  no f u r t h e r  r e d u c t io n  th a n  to  
th e  s a t u r a t e d  k e to n e  o c c u rre d #  T h is  i s  v e ry  a p p a re n t  from  
t h e  accom panying  g ra p h s  (F ig # 2 )  o f  th e  r a t e  o f  a b s o r p t io n  o f  
h y d rogen#  H ea t was d e v e lo p e d  d u r in g  e a c h  r e d u c t i o n .  
F r a c t i o n a t i o n  o f  th e  p ro d u c ts  g ave  a  y i e l d  o f  a t  l e a s t  10% 
m e th y l i s o b u t y l  k e to n e  B #P#;115«117^#
One r e d u c t io n  was t r i e d  u s in g  e t h y l  a l c o h o l  a s  s o lv e n t#  
T h is  was d is c a r d e d  s in c e  th e  r a t e . o f  a b s o r p t io n  o f  h y d ro g e n  
was much to o  slow * and a p p a r e n t ly  c e a s e d  lo n g  b e f o r e  th e  
c a l c u l a t e d  a b s o r p t io n  h ad  b e e n  reac h e d #
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E X P E R I M E N T A L  
GRIGNARD REACTIONS
I n  th e  fo l lo w in g  s e r i e s  o f  G r ig n a rd  r e a c t i o n s  th e  
p ro c e d u re  a d o p te d  was th e  same i n  e v e ry  ca se*  e x c e p t  w here 
th e  n a tu r e  o f  th e  p r o d u c ts  o f  a r e a c t i o n  demcoided 
a l t e r a t i o n .
The G r ig n a rd  r e a g e n t  was p r e p a re d  from  two gm atom s 
o f  p u re  m agnesium  i n  k e to n e  r e a c t io n s *  and t h r e e  gm atom s i n
e s t e r  r e a c t i o n s .  The r e q u i s i t e  h a l i d e  was added  to  th e  j
m agnesium  u n d e r  an h y d ro u s  e t h e r .  The t o t a l  volum e o f  e t h e r  |
u sed  i n  e a c h  r e a c t i o n  was 1250 m l. A t th e  end o f  t h e  v i
a d d i t i o n  o f  th e  h a l i d e  th e  s o l u t i o n  was r e f lu x e d  f o r  0 .5 h o u r s  2 
on a  w a te r  b a th  to  e x p e l  d i s s o lv e d  g a s e s .  The s o l u t i o n  was 
a llo w e d  to  c o o l  and th e n  d e c a n te d  from  any u n d is s o lv e d  
m agnesium  th ro u g h  g l a s s  w ool i n t o  a  c l e a n  f l a s k .  To t h i s  
s o l u t i o n  was added  1 gm m o l. o f  th e  r e q u i s i t e  k e to n e  o r  e s t e r  
o v e r  a  p e r io d  o f  two to  t h r e e  h o u r s .  B r is k  s t i r r i n g  by  a  
m ercu ry  s e a l  s t i r r e r  was m a in ta in e d  d u r in g  a d d i t i o n  and 
d u r in g  r e f l u x  a f t e r  a d d i t i o n  was c o m p le te . The p e r io d  o f  
r e f l u x  was 1 h o u r  e x c e p t i n  th o s e  c a s e s  i n  w h ich  a  lo n g e r  
r e f l u x  seem ed n e c e s s a r y .  The g a se o u s  p ro d u c t  o f  r e a c t i o n  
was c o l l e c t e d  i n  two t r a p s ,  T^ a t  -lO ^C  and Tg a t  72®. The 
f i r s t  t r a p  h e ld  b ac k  m ost o f  th e  e t h e r  c a r r i e d  o v e r  by th e  
gas*  a l th o u g h  some e t h e r  was a lw ay s fo u n d  i n  T g . At th e  
end o f  th e  r e f l u x  th e  t r a p s  w ere d is c o n n e c te d  and c o n n e c te d  
by  ru b b e r  tu b in g  to  a  b r in e  a s p i r a t o r  im m ersed i n  a  b r in e
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ta n k .  The g a s e s  w ere a llo w ed  to  b o i l  g e n t ly  i n to  th e  
a s p i r a t o r  and th e n  w a te r  was p a s se d  i n to  th e  t r a p s  to  wash 
o u t th e  g as d is s o lv e d  i n  th e  e t h e r .  No l i q u i d  was a llo w ed  
to  p a s s  from  t r a p  to  a s p i r a t o r .  The volum e o f  th e  c o l l e c t e d  
g as was m easured  a t  A tm ospheric  P r e s s u r e  and th e  g as was 
th e n  fo rc e d  by b r in e  s o lu t i o n  from  an o v e rh ead  ta n k  th ro u g h  
th r e e  s u c c e s s iv e  t r a p s  c o n ta in in g  c o n c . s u lp h u r ic  a c id  i n t o  
a seco n d  a s p i r a t o r  i n  w hich th é  volum e o f  u n ab so rb e d  g as 
was m easu red . The p a s sa g e  o f  th e  g as th ro u g h  th e  s u lp h u r ic  
a c id  u s u a l ly  to o k  two o r  t h r e e  d a y s .
I n  th e  w ork ing  up o f  th e  G rig n a rd  s o l u t i o n ,  t h i s  when 
c o o l was p o u red  o n to  an  i c e  s l u r r y  and d is s o lv e d  o u t  w ith  con­
c e n t r a t e d  h y d r o c h lo r id e  a c id .  The aqueous l a y e r  was e x t r a c te d  
tw ic e  w ith  e t h e r  and th e  c o l l e c te d  e t h e r  l a y e r s  w ere th e n  
w ashed once w ith  20% sodium  c h l o r i d e ,  once w ith  10^ sodium  
h y d ro x id e  and tw ic e  w ith  w a te r .  A f te r  d ry in g  w ith  p o ta s s iu m  
c a rb o n a te  th e  e t h e r  was removed th ro u g h  an  8 in c h  h e l i c e s -  
packed  colum n. The r e s id u e  was th e n  s e p a r a te d  by v a c .  
d i s t i l l a t i o n ,  u s in g  a  Kon t r i a n g l e ,  i n t o  o n e , two, o r  th r e e  
p o r t io n s  d ep en d in g  on th e  r e a c t io n *  T hese p o r t io n s  w ere 
th e n  f r a c t i o n a t e d ,  u s u a l ly  a t  re d u c e d  p r e s s u r e ,  th ro u g h  a 
12 in c h  column f i t t e d  w ith  a  t o t a l - r e f l i i x - v a r i a b l e - t a k e - o f f  
s t i l l  h e a d , and an  e l e c t r i c a l l y  h e a te d  j a c k e t ,  and packed  
w ith  F enske  h e l i c e s .  r
The f r a c t i o n s  so  o b ta in e d  w ere i d e n t i f i e d  f o r
p u r i t y  by r e f r a c t i v e  in d e x  an d , f o r  n a tu r e  by a n a ly s i s  a n d , 
w here p o s s i b l e ,  by a n a ly s i s  o f  a s o l i d  d e r i v a t i v e .
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P r e p a r a t io n  o f  R eag en ts
The a l k y l  b ro m id es u se d  i n  th e  fo l lo w in g  r e a c t io n s  
w ere p re p a re d  by th e  s u lp h u r ic  a c id -h y d ro b ro m ic  a c id  m ethod 
(O rg an ic  S y n th e se s  C o l l .  V o l. 1 ,  2 5 ) ,  w i th  th e  e x c e p t io n  o f  
i s o b u t y l  b rom ide and t e r t i a r y  b u ty l  b ro m id e . The a lc o h o ls  
u se d  w ere f r a c t io n a te d  th ro u g h  a  2 f t .  colum n packed  w ith  
s t a i n l e s s  s t e e l  g au ze  G r in g s  o f  1 / I 6 t h  in c h  m esh, and f i t t e d  
w ith  a t o t a l - r e f l u x - v a r i a b l e - t a k e - o f f  s t i l l  h e a d . Only th e  
p ro d u c ts  b o i l i n g  o v e r  a 1® ra n g e  w ere u s e d .  A f te r  w ash ing  
w ith  s u lp h u r ic  a c id  th e  b ro m id es w ere s team  d i s t i l l e d ,  d r ie d  
o v e r  p o ta s s iu m  c a r b o n a te ,  and f r a c t i o n a t e d  th ro u g h  a  s i m i l a r  
. colum n packed  w ith  F enske h e l i c e s .r ^
The is o b u t y l  b rom ide was p re p a re d  by M e ss rs . B r i t i s h  
Drug H ouses L t d . ,  a c c o rd in g  to  th e  a u th o r ’ s s p e c i f i c a t i o n s .
The m ethod u se d  was th e  p h o sp h o ro u s t r ib ro m id e  m ethod (O rg an ic  
S y n th e se s  C o l l .  V ol 2 ,  3 5 8 ) , and a  b o i l i n g  ran g e  o f  1^ was 
s t i p u l a t e d .  B e fo re  u s e  th e  brom ide was sh ak en  w ith  w a te r  
f o r  12 h o u rs  and d r ie d  o v e r  p o ta s s iu m  c a rb o n a te .
The t e r t i a r y  b u ty l  b rom ide was p re p a re d  from  
c r y s t a l l i s e d  t e r t i a r y  b u ty l  a lc o h o l  and an e x c e s s  o f  
h y d ro b ro m ic  a c id .  The b rom ide was s e p a r a te d ,  w ashed w ith  
c o ld  w a te r ,  d i s t i l l e d  u n d e r  red u c e d  p r e s s u r e ,  d r i e d  o v e r  
sodium  s u lp h a t e ,  and f r a c t i o n a t e d  u n d e r  re d u c e d  p r e s s u r e .
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The a l k y l  c h l o r i d e s  ^ i s o p ro p y l  and s e c - b u t y l ,  w ere p re p a re d  
by th e  z in c  c h lo r id e - h y d r o c h lo r ic  a c id  m ethod (O rg an ic  
S y n th e se s  C o l l .  V o l. 1 ,  1 4 2 ) .
The k e to n e s  w ere f r a c t io n a te d  th ro u g h  th e  g auze  r in g -  
packed  colum n.
M ethyl e t h y l ,  m e th y l n - p r o p y l ,  m e th y l n -a ia y l,  
m e th y l i s o b u t y l .  d i i s o p r o p y l ,  and d i i s o b u t y l  k e to n e s  w ere 
p u rc h a s e d .
M ethyl i s o p r o p y l  k e to n e  was p re p a re d  from  t e r t i a r y  
amyl a lc o h o l  ( o rg a n ic  S y n th e se s  C o l l .  V o l .2 ,  4 0 8 ) .
M ethy l n - b u ty l  k e to n e  was p re p a re d  from  a c e to ­
a c e t i c  e s t e r  and n - p ro p y l  b rom ide (O rg an ic  S y n th e se s  C o l l .
V o l. 1 ,  2 4 8 ) .
M ethyl t e r t - b u ty l  k e to n e  was p re p a re d  from  p in a c o l  
h y d r a te  (O rg an ic  S y n th e se s  C o l l .  V o l. 1 ,  4 6 2 ) , th e  p in a c o l  
h y d r a te  b e in g  p re p a re d  from  a c e to n e  (O rg an ic  S y n th e se s  C o l l .  
V o l. 1 ,  4 5 9 ) .
IBS
{1) n - PropylM gBr on M ethy l n -p ro p y l  k e to n e
A d d itio n  r e a c t i o n  was n o t  a s  v ig o ro u s  a s  w ith  
1so p ropylM gB r.
Volume o f  g as  c o l l e c t e d  7000 m l. Volume u n a b so rh e d  S200 ml# 
D i s t i l l a t i o n  a t  red u ce d  p r e s s u r e  l e f t  ab o u t S m l. r e s i d u e .  
The d i s t i l l a t e  was f r a c t i o n a t e d  a t  re d u c e d  p r e s s u r e .
Ho. S i BPaHg «SL
n^ 1 9 .5
1 4 5 .0 5 1 .0 25 1 .0 1 .4088
2 4 9 .0 6 5 .0 25 ' 5 .0 1 .4 1 2 5
5 6 1 .0 6 5 .0 23 1 .5 1 .4 1 6 9
4 • 18 2 .5 1 .4220
5 6 2 .0 6 5 .0 18 4 .0 1 .4250
6 6 5 .0 6 6 .0 18 5 .0 1 .4 2 1 4
7 6 6 .0 6 7 .0 18 6 .5 1 .4 2 1 8
8 6 7 .0 6 7 .0 18 6 .5 1 .4218
9 6 7 .0 - 6 7 .0 18 5 .5 1 .4 2 2 5
,1 0 6 7 .0 6 7 .5 18 1 1 .5 1 .4 2 1 9
11 6 7 .5 - 6 8 .0 18 1 0 .0 1 .4 2 1 8
12 6 7 .0 • 6 8 .0 18 6 .5 1 .4 2 1 8
15 6 7 .0 - 6 7 .0 18 4 .0 1 .4 2 1 0
14 6 4 .5 - 6 4 .5 17. 1 0 .0 1 .4 2 1 9
15 6 4 .5 6 4 .5 17 1 5 .8 1 .4 2 1 9
16 6 6 .5 6 6 .0 17 4 .5 1 .4 2 1 9
17 6 6 .0 6 7 .0 17 9 .5 1 .4 2 2 0
18 6 7 .0 6 7 .0 17 1 .5 1 .4 2 6 8
The r e s id u e  from  th e  p r e l im in a r y  d i s t i :
d i s t i l l e d  a t  1 mmHg g iv in g  a  p ro d u c t  w hich  a l th o u g h  
u n i d e n t i f i e d  was s i m i l a r  i n  sm e ll and B .P . to  th e  end 
f r a c t i o n s  o f  E x p erim en t f t ) ,  i s o PrMgBr on M e.C O .n-pr
B .P .
( 1 ) —* 40^ —
(2 ) 4 0 -1 0 0 ° 1 .4 4 6 2  p a le  y e llo w
(S) 1 00 -105° 1 ,4 5 0 0  p a le  y e llo w
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( 2) n - PropgrlMteBr on M ethyl I s o b u ty l  k e to n e
A d d itio n  r e a c t i o n  s l i g h t l y  v ig o r o u s .
Volume o f  gas c o l l e c t e d *8^00 m l. Volume u n a b s o rb e d 15 ,9 OCml 
D i s t i l l a t i o n  a t  re d u ce d  p r e s s u r e  l e f t  a sm a ll  r e s id u e .  
The d i s t i l l a t e  was f r a c t i o n a t e d  a t  red u ce d  p r e s s u r e .
No. B .P . nmKRg gm.
1 47-55 15 2 .0 1 .4190
2 53-56 13 1 .5 1 .4 1 7 9
5 50-61 15 2 .5 1 .4 2 3 3
4 55-60 13 3 .0 1 .4 2 4 5
5 60-62 13 5 .5 1 .4 2 7 5
6 60-62 13 6 .0 1 .4282
7 7 0 -7 5 13 > 1 .5 1 .4 2 8 0
8 69-70 13 ' , 4 .0 '1 .4 2 9 8
9 66—68 13 ' 4 .0 1 .4310
10 67-67 13 4 .5 1 .3 2 1 2  .
11 64-67 13 ■ * 5 .0 1 .4 5 1 8
12 65-67 15 ‘ 6 .0 1 .4 5 1 8
13 64-65 13 9 .5 1 .4 3 1 9
14 64-65 13 7 .0 • 1 .4 5 2 0
15 64-65 13 1 0 .0 1 .4 3 2 1
16 70-70 20 9 .5 1 .4 3 2 0
17 7 0-7 0 20 10 «0 1 .4 3 2 0
18 70-70 20 1 5 .5 1 .4 3 2 1
19 7 0 -7 0 20 1 2 .0 1 .4 5 2 0
20 70-70 20 2 .5 1 .4 3 2 2
The sm a ll r e s id u e  o f  th e  p r e l im in a r y  d i s t i l l a t i o n  
was d i s t i l l e d  a t  0 .5  mmHg g iv in g  f r a c t i o n s  each  o f  a b o u t 0 .5  m l.
( 1)
( 2)
(5 )
1 .4428
1 .4 5 2 5
1 .4 5 2 4
The 2 :4 " d ln i t ro p h e n y lh y d ra z o n e  o f  (5 ) h ad  M .P .126-127® , 
t h i s  b e in g  th e  same a s  t h a t  o f  th e  c o n d e n sa te  
iso B u .C ~ C H .C O . iaoB u o b ta in e d  i n  E x p t. (56)
I
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(5 ) 1 ftoPropylM gBr on  M ethyl e t h y l  k e to n e
Volume o f  gas c o l l e c t e d :  1 6 ,4 0 0  m l. Volume
u n a b so rb e d ; 1 4 ,2 0 0  m l.
The l i q u i d  p ro d u c t was sep a i% ted  u n d e r  red u ce d
#
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o  
(a )  below  S0®/25 ram Hg (b ) r e s i d u e .  F r a c t io n a t io n  o f
(a )  l e f t  o n ly  a  sm a ll r e s id u e  a f t e r  th e  ^è t h e r  h ad  b een  
rem oved, and th e  r e s id u e  was added to  ( b ) .
F r a c t io n a t io n  o f  ( b ) .
Ko. B .P . ram 2 0 .5  gm nj)
1 — 69 77 1 .0 '
2 69-72 77 3 .0 1 .4 2 5 6
3 7 2 -7 3 77 3 .5 1 .4 2 8 8
4 69-70 62 7 .5 1 .4 2 9 2
5 68-69 57 7 .5 1 .4 2 9 7
6 66-67 52 8 .0 1 .4297
7 66-67 52 5 .0 1 .4 2 9 8
8 T rap 5 .0 1 .4 1 2 2
9 56-57 28 0 .5 1 .4308
10 56-57 28 0 .5 1 .4311
11 57-61 28 0 .5 1 .4 3 0 1
12 61-64 28 2 .0 1 .4 4 1 6
13 64-71 25 1 .5 1 .4 4 9 0
14 7 1 -7 2 25 4 .0 1 .4 4 9 3
15 72-75 25 1 .5 1 .4 4 9 1
16 T rap 6 .0 1 .4 3 2 7
17 32-33 3 1 .5 1 .4 4 9 7
18 33-60 3 1 .0 1 .4 4 5 6
19 60-76 3 2 .5 1 .4 5 0 5
20 76-92 3 2 .6 1 .4 6 0 5
21 92-93 3 0 .5 1 .4 6 2 8
22 T rap ew 3 .0 1 .4 4 8 2
23 R e sid 3 .0
'-'3
The r e s id u e  (23 ) was d i s t i l l e d  a t  8 6 -8 8 ® /0 .6  mm Hg. The 
2 ; 4 -d in i t ro p h e n y lh y d ra z o n e  p re p a re d  from  t h i s  was
(c o n td .)
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r e c i y s t a l l l s e d  from  aqueous e t h y l  a l c o h o l .  M .P. 143.5® .
A n a ly s is  o f  d i s t i l l e d  r e s id u e ;  P d . C 7 1 .5 3  H 1 2 .0 6
req: C 72.71 H 11.11
ig CHg. 00 . CHg • C5Hg
A n a ly s is  o f  th e  2 ; 4 - d in l t r o p h e n y lh y d ra z o n e ;
Pound 0 5 6 .6 5  
Req; 0 ^ 5 7 .1 4  H 6 .7 6  H 1 4 .8
OHg, O ^ à O — OH.O(OH). OHg. CH3  
CH.
H v 6 . 9  H 1 4 .5
. -1
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(4 ) I s oPropylM gBr on M ethyl n -p ro p y l  k e to n e
Volume o f  th e  gas c o l le c te d *  21 ,500  m l.
Volume u n a b so rb e d : 1 0 ,2 6 0  m l.
The r e a c t i o n  p ro d u c t was s e p a r a te d  by Kon t r i a n g l e  
d i s t i l l a t i o n  a t  25 mm. i n to  two p a r t s  (a )  below  90^ (b ) r e s id u e .
1 4 .5Ho. B»P • gm n©
n r 62*0 " 63 *0 0 .5 we
2 6 0 .0  -  6 4 .0 1 .5 1 .4 1 6 1
5 6 7 .0  "  6 0 .0 4 .0 1 .4 2 7 2
4 6 0 .0  -  6 1 .5  . 1 3 .0 1 .4 5 4 0
6 3 9 .0  -  6 0 .0  ‘ 1 1 .0 1 .4 5 4 5
6 5 9 .0  -  5 9 .5 1 1 .5 1 .4 5 4 6
7 6 9 .6  “ 6 0 .0 0 .5 1 .4545
8 6 0 .0  -  7 0 .0 1 .5 1 .4 5 4 5
9 7 0 .0  -  8 5 .0 1 .5 1 .4 5 7 2
10 8 7 .0  -  8 9 .0 3 .0 1 .4 5 0 4
11 8 9 .0  -  9 0 .0 2 .0 1 .4 5 4 4
F r a c t io n a t io n  o f  (b ) a t  5 mmRK
12 6 2 .5  -  6 4 .0 2 ,0 1 .4 5 5 5
15 6 2 .5  -  6 3 .0 2 .0 1 .4 5 6 0
14 6 4 .0  “ 6 7 .0 2 .0 1 .4 5 5 8
16 6 4 .0  — 6 5 .0 4 .0 1 .4 6 5 6
16 6 1 .6  ^ 6 3 .0 2 .6 1 .4 5 6 0
17 6 4 .0  — 6 5 .5 2 .0 1 .4 5 5 4
18 6 2 .0  -  6 3 .0 3 .0 1 .4 5 6 0
19 6 2 .0  * 6 3 .0 2 .0 1 .4 5 5 9
20 9 5 .0  -  9 0 .0 0 .6 1 .4 5 6 9
21 9 0 .0  -  9 5 .0 0 .5 1 .4 5 8 0
22 9 5 .0  -  9 7 .0 0 .5 1 .4 5 9 2
25 1 0 0 .0  -1 0 5 .0 0 .5 1 .4 6 0 0
24 1 0 5 .0  -1 1 0 .0 0 .5 1 .4 6 1 1
The 2 * 4 -d in itro p h e n y lh y d ra z o n e  p re p a re d  from  f r a c t i o n  
(15) rem ain ed  as  a  d a rk  r e d  v is c o u s  o i l .
A n a ly s is  o f  (4) 
n P r . is o P r .M e - d a r b in o l
Found C 7 2 .0 7  
Re<^. G 7 2 .7 5
A n a ly s is  o f  (16) Pound C 7 5 .8 4
CHg. GHg. CHg, C =a= CH * CO. GHgCHgCHg Req. C77.9 5
H 1 1 .5 8  
H 1 5 .1 6
H 1 1 .1 5  
H 1 1 .6 9
CH.
158
(5) I s o PropylM gBr on M ethyl i s o p ro p y l k e to n e
Volume o f  th e  g as o o l l e o te d i  2 6 ,500  m l. 
Volume u n a b so rb e d : 1 8 ,8 5 0  m l.
, i '
F r a c t io n a t io n :
Ho. B .P . mmHg 4 ®
1 2 0 .0 -8 5 ,0 290 6 .0 ( e th e r )
2 2 0 .0 -2 5 .0 290 5 .0 ( e th e r )
5 2 3 ,0 -8 5 .0 100 0 .5
4 25 .O** 25 . 0 ' 50 0 .6
5 2 6 .0 -2 7 .0 2 2 .6 mm
6 " 2 5 .0 -2 7 .5 2 ' 2 .0 1 .4 5 5 9
7 2 6 .6 -2 7 .5 2 7 .0 1 .4 5 7 1
8 2 7 .0 -2 2 .5 2 5 .5 1 .4 5 9 0
9 ‘ 2 2 .5 -4 5 .5 2 2 .0 1 .4 4 7 2
10 4 5 .5 -4 4 .0 2 0 .5 1 .4 5 2 3
11 4 4 .0 -4 4 .0 2 5 .0 1 .4 6 2 6
12 4 4 .0 -4 4 .0 2 1 0 .0 1 .4528
15 4 4 .0 —44*0 2 1 2 .5 1 .4528
14 4 4 .0 -4 4 .0 2 2 .0 1 .4 5 2 8
15 4 5 .5 —4 4 .0 2 4 .5 1 .4 5 2 7
16 4 5 .5 —4 6 .0 2 5 .0 1 .4 5 2 2
The 2 :4 - d in i t ro p h e n y lh y d ra z o n e  p re p a re d  from  (13)
was r e c r y s t a l l i s e d  from  e th y l  a l c o h o l .  M .P. 8 5 ^ . B r ig h t
g o ld e n  y e llo w  c r y s t a l s .
^ a l y s i s  o f  f r a c t i o n  
d i is o P r .M e . c a rb ln o l"
QH3
CH^
:CH.C — CH.CO.CH 
CH*
GHs
CH«
(7 ) Pound G 7 5 .7 2 H 1 5 .7 1
Req. C 7 5 .8 4 H 1 5 .8 4
(15 ) Found G 7 8 .5 H 1 1 .4 0
Req. 0 7 7 .9 H 1 1 .6 0
A iy ly s is  o f  d in i t ro p h e n y lh y d ra z o n e
Found G 5 7 .5 1  H 6 .5 7  H 1 4 .4  
R eq. C 5 7 .1 4  H 7 .4 6  H 1 6 .5 5
(6 ) I s ô PropylM gBr on M ethyl n- b a t y l  k e to n e
Volume o f  gas c o l l e c t e d  1 6 ,000  m l.
Volume u n ab so rb e d  1 2 ,2 0 0  m l.
159
D i s t i l l a t i o n  a t  17 nrniHg u s in g  a Kon t r i a n g l e  gave
8 gm. sm e llin g  o f  m e th y l n - b u ty l  k e to n e  h a v in g  n j^ * ^  1 .4 2 5 0 . ^
19 5np • f o r  M e.Co.n -Bu i s  1 .4 2 3 5 . The b u lk  o f  th e  p ro d u c t was 
t h e r e f o r e  f r a c t i o n a t e d  a t  red u ced  p r e s s u r e .
Ho. È:.P . mmHg s s
1 7 0 .0 -  72 20 0 .5 «
2 7 7 .5 -  78 # 6 .5 1 .4 3 9 2
5 7 7 .6 - 8 1 # 6 .0 1 .4389
4 7 7 .5 -  78 1 .6 ' 1 .4 3 8 9
5 7 7 .6 -  78 # 4 .0 1 .4 3 9 3
6 7 7 .5 -  78 m 4 .6 1 .4 3 9 2
7 7 8 .0 -  83 « 2 .0 1 .4 3 9 2
8 7 7 .5 ^  60 tt 2 .0 1 .4 3 9 1
9 7 5 .0 — 80 n 7 .6 1 .4381
10 7 6 .0 -  77 » 2 .6 1 .4 3 8 3
11 7 7 .0 -  83 # 1 .6 1 .4 3 8 8
12 7 8 .0 -  95 w 2 .5 1 .4397
13 8 6 .0 -1 0 6 fr 1 .5 1 .4400
14 7 8 .0 -  80 m 0 .5 1 .4 5 6 6
8 0 .0 -  81 m 0 .5 1 .4 5 6 3
16 8 1 .0 •  82 * 2 .0 1 .4 5 6 9
17 8 2 .0 -  83 m 3 .0 1 .4 5 6 9
18 8 3 .0 — 84 # 5 .0 1 .4 5 6 9
19 8 2 .0 -  84 m 4 .5 1 .4 5 7 2
20 8 4 .0 -  86 w 4 .5 1 .4 5 6 9
21 8 4 .0 -  87 If 2 .0 1 .4 5 7 1
22 8 5 .0 -  87 n 1 .0 1 .4 5 7 2
23 8 3 .0 -  88 * 6 .0 1 .4 6 7 4
24 8 6 .0 -  88 m 1 .0 1 .4 5 7 3
, The sm a ll r e s id u e  was t r a n s f e r r e d  to  a 60 ml d i s ­
t i l l i n g  f l a s k  and d i s t i l l e d  a t  2 mmHg.
26
B .P .
:TIoo o75
^ 1 6 .6
174575 •
26 9 6 - 99 1 .0 1 .4 5 7 2
27 100-108 0 .5 1 .4671
28 103-108 0 .5 1 .4 6 7 1
A n a ly s is  o f  f r a c t i o n  (18) Found C 7 9 .1 2 H 1 2 .1 7
nBuC=ia= OH. CO.nBu Req. C 7 9 .1 2 H 1 2 .5 7
CHg
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(7 ) I s o PropylM gBr on M ethyl i s o b u ty l  k e to n e  (1 )
In  t h i s  e x p e rim e n t d e c o m p o s it io n  a t  th e  end o f  
th e  r e a c t i o n  was c a r r i e d  o u t by p o u r in g  on to  a s u s p e n s io n  
o f  ammonium c h lo r id e  i n  i c e  s l u r r y  i n s t e a d  o f  u s in g  
h y d r o c h lo r ic  a c id .  , D is s o lu t io n  was n o t c o m p le te , and 
th e  rem a in in g  s lu d g e  was w ashed s e v e r a l  tim e s  w ith  e t h e r .  
The r e s t  o f  th e  p ro c e d u re  was as  u s u a l .
Volume o f  g as c o l l e c t e d :  1 9 ,5 0 0  m l. Volume •
u n a b so rb e d ; 1 5 ,9 6 0  m l.
The l i q u i d  p ro d u c t  was s e p a r a te d  u n d e r  red u ce d  
p r e s s u r e  by K o n . t r ia n g le  d i s t i l l a t i o n  i n t o :
(a )  below  30®/24 mm (b ) r e s id u e
21 .F r a c t io n a t io n l e f t  o n ly a 2 gm r e s id u e
a f t e r  th e  e t h e r  had b een  ta k e n o f f .
F r a c t io n a t io n o f  (b) a t  red u ce d  p r e s s u r e ;
No. B .P . mm fflîL £
1 — 69 2 5 .0 0 .5 1 .4 1 7 6
2 59-65 2 5 .0 1 .0 1 .4 1 8 4
5 65-72 2 5 .0 1 .5 1 .4 2 8 8
4 T rap 0 .5 1 .4 0 3 0
5 29-29 1 .5 4 .0 1 .4 3 2 7
6 29-30 1 .5 8 .0 1 .4 3 2 8
7 29-30 1 .5 9 .6 1 .4 3 2 8
8 T rap - 4 .6 1 .4301
9 30-32 1 .5 0 .5 1 .4 3 2 9
10 32-46 1 .5 2 .0 1 .4 3 3 1
11 46-62 1 .5 0 .6 1 .4 4 6 8
12 62-67 1 .7 5 3 .0 1 .4 5 1 2
13 67-68 1 .7 5 3 .0 1 .4 5 0 9
14 R esid 4 7 .0
15 T rap 3 .0 1 .4 3 1 3
161
(8 ) l a opropylM gBr on M ethyl i s o lm ty l k e to n e  (2 )
leopropy lM gB r made from  2 gm atom s o f  m agnesium  
i n  1260 m l. an h y d ro u s e t h e r  was co o led  to  - l o / - 2 0 ^  i n  a 
C O g /e th an o l b a t h .  The k e to n e  was added o v e r  a p e r io d  o f  
3 .5  h o u r s ,  s t i r r i n g  b e i r ^  c o n tin u e d  f o r  1 h o u r  a f t e r  
a d d i t i o n .  , The r e a c t a n t s  w ere a llo w ed  to  s ta n d  o v e m i ^ t ,  
th e  a p p a ra tu s  re m a in in g  u n to u c h e d , th e  g as  t r a p  b e in g  s t i l l  
co n n e c te d  to  th e  r e a c t i o n  f l a s k  and k e p t  a t  - 7 3 ^ .
The volum e o f  g as  c o l l e c t e d  a f t e r  s ta n d in g  15 
h o u rs  ; 6 ,5 0 0  m l. Volume u n a b so rb e d ; 6 ,2 0 0  m l.
D eco m p o sitio n  by p o u r in g  on to  i c e  was v e ry  
v ig o ro u s  a s  i f  n e a t  I s o p ropylM gBr s o lu t io n  was b e in g  
decom posed.
Koç t r i a n g l e  d i s t i l l a t i o n  gave 5.6 gmé low b o i l i n g  
l i q u i d .  T h is  was d i s t i l l e d  th ro u g h  a s i x  in c h  h e l i c e s -  
packed  colum n and gave o n ly  m ix tu re s  o f  m e th y l i s o b u t y l  
k e to n e  and th e  o l e f i n  c o r re s p o n d in g  to  th e  t e r t i a r y  
c a r b i n o l •
B .P . gm . B .P . gm
1 — 120 0 .5  4 127-129 1 .0
2 120-126  1 .0  5 129-131 1 .0
3 126-127 1 .0  6 131-153  1 .0  c o n ta in in g
w a te r
A ttem p ts  to  p r e p a r e  a  £ - to lu e n e  s u lp h o n a te  and a  
3 ; 5 - d in i t r o b e n z o a te  o f  f r a c t i o n  ( 5 ) were u n s u c c e s s f u l .
( o o n td .)
F r a c t io n a t io n  o f  m a jo r  l i q u i d  p ro d u c t
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Ho. B.P. mmHg . g«. _2 2 .6nj)
1 72.73 26 3.0 1.4506
2 73-74 26 1 1 .0 1.4312
3 73-74 26 1 0 .0 1.4313
4 73-74 26 7.5 1.4314
5 74-75 26 3.5 1.4312
6 75-75 26 2.5 1.4311
7 34-65 2 1 .0 1.4378
8 34-64 2 2 .0 1.4496
9 64-65 2 2 .0 ' 1.4498
10 65-66 2 1 0 .0  . 1.4608
11 65-66 2 8 .0 1.4511
12 64-65 2 5.5 1.4512
13 Resid. 18.0
14 Trap 4.0
The t r a p  c o n te n ts  sm e lle d  s l i g h t l y  o f  m e th y l i s o h u t y l  
k e to n e .
-V
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(9) IsopropylMgBr on Methyl Isobutyl ketone (5)
The IsopropylMgBr made from 2 gm. atoms of 
magnesium in 1260 ml. anhydrous ether was cooled to -10/20® 
and 12.9 gm. (6 mol^) of freshly prepared anhydrous 
CoGlg were added. Stirring was continued for half an 
hour and the ketone was then slowly added over 2.5 hours. 
There was no gas in the gas traps at the end of the 
addition. The apparatus was left as assembled overnight, 
the gas traps being kept at -72® during this time.
Volume of gas collected after 14 hours; 8,750 ml. 
Volume unabsorbed 6 , 200 ml.
The dark brown solution was poured on to ice In the 
usual way. Decomposition was not at all vigorous. The 
ether extracts were filtered from the insoluable black 
sludge.
The liquid product was separated by Kon triangle 
distillation into (a) below 50®/125 mm. (b) residue
Fractionation of (a) at atmospheric pressure
No. B.P. M i
1 124 1.0 1.4011
2 124-126 1.0 1.4045
5 126-128 2.0 1.4064
4 128-150 2.0 1.4079
The £-toluenesulphonate prepared from fraction (4)
using pyridine and £-tolucnesulphonyl chloride was
recrystallised from 60-80® P.E. and had a M.P. 59-40®.
(oon td .)
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Fractionation of (b) 
Ho. B.P. mm. gm. np
1 52.64 26 1.5 1.4095
2 54-55 26 3.0 1.4100
5 55-61 26 2.5 1.4125
4 61-70 26 1 .0 1.4246
5 74-75 26 8 .0 1.4303
6 74-75 26 1 0 .0 1.4305
7 75-77 26 4.5 1.4301
8 75-77 26 2 .0 1.4306
9 6 6 -6 6 2 1 .0 1.4359
10 65-66 2 1.5 1.4407
11 66-70 2 1.5 1.4407
12 70-70 2 3.0 1.4416
IS 70-75 2 2.5 1.4431
14 73-75 2 2 .0 1.4427
15 75-75 2 ■ 3.0 1.4426
16 75-76 2 3.0 1.4426
17 75-78 2 3.0 1.4428
18 75-83 2 2 .0 1.4407
19 83-86 2 1 .0 1.4411
20 8 6 -8 6 / 2 1 .6 1.4387
21 Resid. - 15.0
22 Trap 6 .0
The following refractive indices are to be noted;
20
methyl isobutyl ketone n^ 1.5964
go
methyl isobutyl carbinol n^ 1.411 (literature)
(10) I s oPropylMgBr on Methyl t e r t - butyl ketone
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Volume of gas collected: 26,750 ml.
Volume unabsorbed: 18,700 ml.
The liquid product was separated under reduced 
pressure by Kon triangle distillation into;
(a) below 40^/25 mm (b) residue
Fractionation of (a) at reduced pressure:
Ho. B.P. mmHg ga
22
1 22-24 60 1 . 0 1.3969
2 23-24 60 2 .0 1.3964
3 24-25 60 . 1 .0 1.3968
4 24-25 60 1 .0 1.3965
5 23-24 60 1 .0 1.3967
6 23-27 36 1 .0 1.3965
7 26-27 36 1 .0 1.3966
8 26-27 36 1 .0 1.3963
9 25-26 36 . 2 .0 1.3969
10 25-26 36 1 .0 1.3981
11 24-26 26 0.5 1.4013
12 26-27 26 0.5 1.4000
13 27-37 26 1 .0 1.4051
14 37-38 26 1 .0 1.4115
15 36-37 26 2.5 1.4116
16 37-38 26 2 .0 1.4119
17 37-38 26 2 .0 1.4123
18 38-39 26 1 .0 1.4129
19 39-60 26 0.5 1.4229
20 Resid - 1 .0 -
21 Trap - 3.0 1.3972
(o o n td .)
166F r a c t i o n a t i o n  o f  (b )  a t  re d u c e d  p r e s s u r e :
Wo. B.P. m xo.o
22 ^ 7 5 4 0.5 1.4550
25 75-78 4 0 .6
24 75-78 4 0.5
26 75-78 4 0.5 1.4445
26 75.78 4 0.5 1.4459
27 75-78 4 1 .0 1.4450
28 77-78 4 1 .0 1.4460
29 78-78 4 2.5 1.4440
50 78-79 4 2.5 1.4457
51 79-80 4 s.a 1.4459
52 80 -8 1 4 6 .0 1.4459
55 80-81 4 5.5 1.4458
54 81-81 4 4.5 1.4459
56 81-81 4 2 .0 1.4459
56 75-74 2 5.0 1.4458
57 75-74 2 5.0 1.4459
58 75-74 2 2 .6 1.4458
59 Drain 5.0
The residue in the still pot set overnight to a mass of well
fomed crystals. These were shaken out and washed with 40-60®
petroleum ether at -40® five times, and had an M.P. 92-95®.
Crystallisation from aqueous ethyl aloohol gave the sane M.P. p'
The 2j4-dlnltrophenylhydrasone prepared from fraction
(S2) was reorystalllsed as bright yellow needles from aqueous
ethyl alcohol B.P. 147-148°.
Analysis of fraction (52) Found C 72,8 H.12.48
(CHg); C. G.(OH).CHg.CB.C(GH5 ) 5  Req. G 72.0 H.12.0
GHg
Analysis of the 2* 4-dlnltrophenylhydrasone;
Found G 59.89 H 7.28 H 15.1
Req: G 59.68 H 7.18 H 15.47
Analysis of the crystalline product from the still pot
pound G 71.29 H 12.71
(11) la opropTlMgBr on Methyl n -amyl ketone
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Volume of gas collected: 19,600 ml., Volume
unabsorbed: 16,000 ml.,
The product was fractionated at 2 mmHg:
KOe B.Pe. m ' rIL
1 2 0 -2 1 . 0.5
2 2 1 -2 2 1.5 1.4208
5 2 2 -2 2 1 .0  : 1.4211
4 22-57 1 . 0 1.4219
5 57-54 5.0 1.4241
6 54-56 0.5 1.4261
7 55-56 9.0 1.4591
. 8 55-56 . 2 .0 , 1.4591
9 56-57 5.0 1.4599
10 56-57 5.5 ♦ 1.4400
11 56-57 0.5  ^ 1.4598
1 2 57-58 0*5 ; ; 1.4599
15 58-59 1.5 1.4599
14 58-59 2.5 1.4400
16 58-60 2 .0 1.4400
16 59-60 , 5.0 1.4400
17 67-69 5.0 1.4401
18 58-60 2 .0 1.4401
19 57-68 5.0 1.4400
20 ' 59-65 2 .0  ' ; 1.4594
21 65-75 2.5 1.4404
22 105-105 0.5 1.4402
25 105-105 2.5 1.4555
24 105-107 ^ 0.5 1.4555
26 107-107 1 . 0 1.4555
26 107-109 5.5 1.4565
27 109-110 5.5 1.4557
28 1 1 0 -1 1 0 1 .0 1:4656
29 1 1 0 -1 1 0 0.5 1.4555
50 1 1 0 -1 1 1 5.0 1.4659
51 1 1 0 -1 1 2 4.0 1.4567
52 1 1 0 -1 1 2 6 .0 1.4565 ,
55 112-115 5.0 1.4565
54 115-116 1.5 1.4565
(co n td .)
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Analysis of fraction (13) Found: C 76.93 H 13.95
Methyl-n-amyl-iaopTOpyl-carbinol req:C 75.95 H.1S.92
Analysis of fraction (32) Found: C 80*44 E 11.94
n-amyl.C — CH.CO. n-amyl Req: C 80.47 H 11.96
CHj
The 2;4-dlnltrophenylhydrazone prepared from fraction (52)
remained as a dark red ▼iecous oil.
• I
- ' ' f
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(12) 1sQPropylMgBr on d i i sopropyl ketone
The addition of,the ketone to the Grignard 
solution was not accompanied by signs of vigorous reaction#
‘ I
It seemed that considerable gas was evolved during the 
reflux period, which was therefore extended to 1.5 hourm# 
Volume of gas collected: 23,500 ml. Volume
unabsorbed: 6 ,0 0 0  ml.
The liquid product was distilled at 20 mmHg, 
leaving a small amount of residue. The distillate was
I
fractionated at 20 mmHg.
No. B.P. ' gm np
1 43.0—45. 0 0.5 ' 1.4106
2 43.0-45.0 2.5 1.4080
5 41.0-42.0 15.5 1.4086
4 42.0-45.0 2 .0 1.4095
5 45.0-47.5 2.5 1.4092
6 45.0-47.0 2 .0 1.4110
7 45.0-48.0 6.5 1.4154
8 45.0-47.0 9.0 1.4180
9 41.5—42.0 14.0 1.4254
10 42.0-52.0 0.5 -
11 52.0-52.5 3.5 { 1.4215
12 52.0-52.5 2 .0 1.4265
13 52.0-55.0 2 .0 1.4275
14 55.0—54.0 8.5 1.4280
15 54.0-54.0 5.0 1.4284
16 55.0—54.0 ' 8.5 1.4284
Owing to the inconclusiveness of this fractionation, 
fractions (ij to (1 2 ) were bulked and fractionated at 
atmo spheri c pres sure.
(oon td .)
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No, B.P.
1 . 124-188 , 1.4109s ’ 126-128 1.4105
5 126-127 1.41054 128-129 1.41136 129-150 , 1.4120
6 130-150 1.4123
7 130-151 1.4138
8 150-153 1.4158
9 131-132 1.4175
10 153-156 1.4208
The following refraotive indices are to be noticed:
dlleopropyl ketone n£~ 1.4048¥
.20dlisopropyl carbinol ng 1.42259 (literature) 
Fraction (16) was analysed:
Found 0 72.86 H 13.52
(IsoPr)g CHOH '' ' req: C 72.41 H 13.79
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(13) i soPropylMgBr on d l l s obutyl ketone
The a d d i t i o n  o f  th e  k e to n e  to  th e  G rig n a rd  
s o l u t i o n  was accom panied  by v ig o r o u s  r e a c t i o n .
Volume o f  g a s  c o l l e c t e d ;  1 9 ,7 5 0  m l. Volume 
u n a b s o rb e d : 1 7 ,0 0 0  m l.
F r a c t i o n a t i o n  o f  th e  l i q u i d  p r o d u c t :  ■
2 2 .2 5
Ho. B .P . = S S L SDL-
1 2 6 .0 - 2 8 .5 2 .0 1 .4 1 2 5
2 2 6 .0 - 2 7 .0 1 .5 7 .0 1 .4 1 2 5
5 2 5 .0 - 2 9 .0 1 .5 8 .0 1 .4 1 2 6
4 2 7 .0 - 5 2 .0 1 .5 6 .5  . 1 .4 1 5 0
6 . 2 7 .0 - 5 0 .0 1 .5 5 .0 1 .4 1 2 8
6 2 9 .0 —5 0 .0 1 .5 4 .0  , 1 .4 1 5 5
7 2 9 .0 - 5 1 .0 1 .5 5.5 1 .4 1 2 9
8 5 1 .0 - 5 2 .0 1 .5 5 .5 1 .4 1 5 8
9 5 2 .0 —5 5 .0 1 .5 2 .5 1 .4 1 4 5
10 5 1 .0 —5 5 .0 1 .6 5 .0 1 .4 1 4 6 -  .
11 5 5 .0 —5 7 .0 1 .5 1 .5 1 .4 1 7 5
12 5 7 .0 —4 2 .5 1 .0 1 .5 1 .4 2 4 9 ,
15 4 2 .5 - 4 5 .0 1 .0 5 .5 1 .4 2 8 8
14 4 1 .0 - 4 5 .0 1 .0 2 .5 1 .4 2 8 8
15 4 5 .0 - 4 6 .0 1 .0 1 .5 1 .4 5 1 9
16 4 5 .0 - 4 8 .0 1 .0 2 .5 1 .4 5 5 7
17 4 8 .0 - 4 8 .5 1 .0 2 i5 1 .4 5 7 1
18 4 8 .5 - 4 9 .0 1 .0 1 .0 1 .4 5 8 7
19 4 8 .0 - 4 9 .0 1 .0 2 .0 1 .4 5 8 8
20 4 8 .5 - 4 9 .0 1 .0 2 .5 1 .4 5 8 8
21 4 8 .5 - 4 9 .0 1 .0 1 .5 1 .4 5 8 9
22 4 9 .0 - 4 9 .5 1 .0 2 .5 1 .4 5 8 9
25 4 9 .0 - 4 9 .5 1 .0 1 .5 1 .4 5 9 0
24 4 9 .5 - 5 0 .0 1 .0 1 .0 1 .4 5 9 2
25 * 5 0 .0 - 5 0 .5 1 .0 1 .0 1 .4 5 9 2
26 5 0 .0 -5 0 5 1 .0 1 .0 1 .4 5 9 2
s i s  o f  f r a c t i o n  (22 )
Found C 7 7 .6 7 H
* o p y ld i i s o b u ty lc a r b in o l r e q : C 7 7 .4 5 H
■.r'
1 5 .9 2
1 5 .9 8
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(14) I s opropylMgBr on Methyl a ce ta te
I n  t h i s  r e a c t i o n  th e  G rig n a rd  r e a g e n t  was p re p a re d  
from  3 mol m agnesium  and 5 .5  mol i s o p M p y l brom ide# O nly 
1 m ol o f  th e  e s t e r  was u s e d .  when a b o u t t h r e e  q u a r t e r s  o f  
t h i s  h ad  b ee n  added  a  g r e y i s h  g re e n  s lu d g e  b eg an  to  fo rm , 
and becam e t h i c k e r  d u r in g  th e  r e s t  o f  th e  a d d i t io n #
Volume o f  g as  c o l l e c t e d :  1 9 ,6 0 0  m l. Volume
u n a b s o rb e d : 1 4 ,8 0 0  m l.
The p ro d u c t  was f r a c t i o n a t e d  a t  1 .8  mmHg. I t  was 
o m it te d  to  w eigh  th e  f r a c t i o n s  c o l l e c t e d .
No. B .P . S d -------
1 47#49 1 .4 4 4 5
2 49-50 1 .4 4 2 1
5 50-5 1 1 .4 4 0 7
4 5 2 -5 5 1 .4 4 0 1
5 5 2 -5 5 1 .4 5 9 6
6 55-59 1 .4 5 9 1
7 58-59
8 59-59 1 .4 5 9 1
9 5 9 -5 9 1 .4 5 9 4
10 5 9-59 1 .4 4 0 0
11 58-5 9 1 .4 4 0 0
12 68-5 9 1 .4 4 0 5
15 59-5 9 1 .4 4 0 6
14 5 9-6 9 1 .4 4 0 8
15 58-59 1 .4 4 0 5
16 5 8-59 1 .4 4 0 5
17 5 8 -5 9 1 .4 4 0 4
18 59—59 1 .4 4 0 6
19 5 9 -5 7 1 .4 4 1 0
20 5 7 -5 4 1 .4 4 0 8
i (1 0 ) to  (1 9 ) becam e d i s c o lo u r e d  on
c o lo u r s  v a r y in g  fro m  p a l e  b lu e  t o  b lu e - g r e e n .
( contd .)
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2 f 4 -d ln i t r o p h e n y lh y d r a z o n e s  w ere p r e p a r e d  from  
f r a c t i o n s  (6 )  and ( 1 2 ) .  T h ese  w ere r e o r y s t a l l l s e d  
from  e t h y l  a l c o h o l  and h ad  M .P s. o f  85® and 84-85® 
r e s p e c t i v e l y .  M ixed M .P s. w ith  th e  2 ; 4 - d in i t r o p h e n y l -  
h y d ra so n e  from  £ x p t . ( 5 )  w ere th e  sam e.
A n a ly s is  o f  f r a c t i o n  (1 2 ) Found C 6 9 .9 8  H 1 1 .6 6
G H .G (0H ).C H 2.C 0.C K <^ R eq: 0 6 9 .8 2  H 1 1 .6 4
CH,‘5
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(1 6 ) l a oPropylM gGl on  M ethy l t e r t - b u ty l  k e to n e
The p r e p a r a t i o n  o f  th e  G r ig n a rd  s o l u t i o n  was n o t  
so  d i f f i c u l t  a s  i n  K x p t. ( 1 5 a ) ,  s in c e  i t  was now known t h a t  
h e a t in g  i s  r e q u i r e d  to  s t a r t  t h e  r e a c t io n *  P ie c e s  o f  s o l i d  
b eg an  to  s e t t l e  o u t  a f t e r  a b o u t a  t h i r d  o f  th e  k e to n e  h ad  
b e e n  a d d e d . On c o o l in g  a t  th e  end o f  r e f l u x  a  t h i c k  s lu d g e  
s e t t l e d  o u t  l e a v in g  a  c l e a r  s u p e r n a ta n t  l i q u o r .  The 
d e c o m p o s it io n  by  p o u r in g  o n to  i c e  s l u r r y  was v e ry  v ig o r o u s .
Volume o f  g as  c o l l e c t e d  ; 2 5 ,0 0 0  m l. Volume
u n a b s o rb e d t 2 1 ,0 0 0  m l.
The l i q u i d  p ro d u c t  was s e p a r a te d  u n d e r  re d u c e d  
p r e s s u r e  by  Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a )  below  40® /20 mm (b ) r e s id u e
F r a c t i o n a t i o n  o f  ( a )
No. B .P . mm. m
6 6 .  O
S el-
1 - 1 0 3 759 1 .0
2 103-105 759 1 .5 1 .3 9 4 8
3 105-106 759 2 .0 1 .3 9 6 7
4 106-107 769 3 .5 1 .3 9 7 2
6 107-108 759 1 0 .5 1 .3 9 7 8
6 107-108 759 2 .5 1 .3 9 7 6
7 107-108 759 1 .5 1 .3 9 7 3
8 107-108 759 4 .0 1 .3 9 7 6
9 ' 29-30 30 0 .5
10 30-32 30 2 .0 1 .4 0 1 8
11 32-40 30 1 .0 1 .4 0 6 5
12 40-45 30 0 .5 1 .4 1 3 8
13 4 4 -4 5 30 1 .0 1 .4 1 4 6
14 T rap 1 0 .0 1 .3 9 8 8
The p h e m y lu re th a n e  o f  f r a c t i o n  (11) was p r e p a re d  by  h e a t in g  
t o g e t h e r  e q u a l vo lum es o f  f r a c t i o n  (1 1 ) and pheny l i s o c y a n a te
(contd)
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a t  110® f o r  h a l f  an  h o u r#  The m ix tu re  s e t  s o l i d  o v e r ­
n i g h t ,  and  was b ro k e n  up  i n  100-120® p e tro le u m  e t h e r .
The p e tro le u m  e t h e r  s o l u t i o n  was e v a p o ra te d  a t  room 
te m p e r a tu r e ,  and th e  s o l i d  so  o b ta in e d  was r e c r y s t a l l i s e d  
from  p e tro le u m  e t h e r ,  g iv in g  a p r o d u c t  M .P. 78-79® . The 
p h e n y u re th a n e  o f  p in a c o ly l  a lc o h o l  i s  r e c o rd e d  i n  th e  
l i t e r a t u r e  a s  h a v in g  an  M .P. 79®.
F r a c t i o n a t i o n  o f  ( b )
No. B .P . mm m
23
14 6 0 -6 3 2 .0 1 .0 1 .4 4 7 0
16 6 3-6 5 2 .0 1 .5 1 .4 4 6 0
16 66— 66 2 .0 2 .0 1 .4 4 4 3
17 6 6-67 2 .0 2 .0 1 .4 4 3 9
18 67-68 2 .0 2 .5 1 .4 4 3 8
19 6 8 -7 2 2 .6 2 .0 1 .4 4 4 0
20 7 2 -7 2 2 .6 2 .0 1 .4 4 2 2
21 7 2 -7 3 2 .5 3 .5 1 .4 4 1 8
22 7 3 -7 4 2 .5 5 .0 1 .4 4 0 8
23 7 4 -7 6 2 .5 3 .0 1 .4 4 0 6
24 7 6 -7 5 2 .6 3 .0 1 .4 4 0 3
26 7 5 -7 6 2 .5 3 .0 1 .4 4 0 0
26 7 5 -7 6 2 .5 1 .5 1 .4 3 9 5
27 R e s id - 3 .0 -
28 T rap - 4 .0 -
The r e s id u e  (2 7 ) was n o t  a t  a l l  s o l i d ,  n o r  d id  i t  s o l i d i f y  
when im m ersed i n  a b a th  a t  -60® .
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(1 6 a ) I s oPropylM gOl on M ethy l ia o lm ty l  k e to n e
The p r e p a r a t i o n  o f  th e  G r ig n a rd  s o l u t i o n  gave  
some d i f f i c u l t y  a t  f i r s t .  I t  was found  n e c e s s a r y  to  
r e f l u x  th e  e t h e r  s o l u t i o n  f o r  an  h o u r  ev en  a f t e r  a d d in g  
some m agnesium  t r e a t e d  w i th  e t h y l  b ro m id e . The a d d i t i o n  
o f  th e  b u lk  o f  th e  i s o p ro p y l  c h l o r id e  fo llo w e d  sm o o th ly .
A s lu d g e  b eg an  to  s e t t l e  o u t  a f t e r  a b o u t one
' '
q u a r t e r  o f  th e  k e to n e  h ad  b ee n  ad d e d . On c o o l in g  a f t e r  
th e  r e f l u x  p e r io d  t h i s  s lu d g e  s e t t l e d  o u t  v e ry  t h i c k l y ,  
le a v in g  a  c l e a r  s u p e r n a ta n t  l i q u o r .  D e c o m p o s itio n  by 
p o u r in g  o n to  i c e  s l u r r y  was v e ry  v ig o r o u s .
The g as  from  t h i s  e x p e r im e n t w as l o s t  by  
b re a k a g e  o f  th e  g as  l i n e .
The l i q u i d  p r o d u c t  was s e p a r a te d  u n d e r  re d u c e d  
p r e s s u r e  i n t o  (a )  below  40® /25 mm (b ) r e s id u e  
F r a c t i o n a t i o n  o f  (a )  a t  a tm o s p h e r ic  p r e s s u r e  
Ho. B .P . gm
1 93 -  115 0 .5
2 116 -  117 1 .5
3 117-118  3 .5
4 R e s id u e  1 .0
(co n td .)
m
F r a c t i o n a t i o n  o f  (bÿ
Wo. B .P . mm jBHL
6 3 8 -3 9 2 .5 1 .0 1 .4 3 1 0
6 3 9 -4 0 2 .5 6 .5 1 .4 3 1 4
7 4 0-4 0 2 .5 4 .0 1 .4 3 1 7
8 40—36 2 .5 1 .0 1 .4 3 1 9
9 T rap - 9 .0 1 .4 3 0 0
10 — 62 1 .7 1 .0 1 .4 3 4 0
11 66-67 2 .0 0 .5 1 .4 4 9 0
12 6 6-67 2 .0 1 .5 1 .4 4 9 9
13 69-70 2 .0 1 .5 1 .4 4 9 8
14 7 2 -7 3 2 .0 2 .5 1 .4 4 8 8
15 7 3 -7 5 2 .0 2 .0 1 .4 4 7 8
16 7 5 -7 6 2 .0 4 .5 1 .4 4 7 3
17 7 6 -7 8 2 .0 2 .0 1 .4 4 6 5
18 78 -7 9 2 .0 2 .0 1 .4 4 5 8
19 8 0 -8 2 2 .0 2 .5 1 .4 4 5 0
20 8 2 -8 3 2 .5 3 .0 1 .4 4 4 9
21 8 3 -8 4 2 .5 3 .5 1 .4 4 4 4
22 8 2 -8 3 2 .0 5 .0 ' 1 .4 4 3 5
23 8 3 -8 5 2 .5 2 .6 1 .4 4 2 0
24 8 4 -8 5  ’ 2 .5 2 .6 1 .4 4 3 3
26 8 1 -8 3  ' 1 .7 2 .5 1 .4 3 9 0
26 8 3 -8 4 1 .7 2 .5 1 .4 3 8 6
27 8 4 -8 5 1 .7 1 .5 1 .4 3 8 6
28 R e s id 1 3 .0 -
29 T rap  . 6 .0
The t r a p  c o n te n ts  (29 ) s m e lle d  s t r o n g l y  o f  2 ; 3 ; 6 - t r im e th y l-  
h e x su io l, and  n o t  o f  k e t o l .
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(16) i s oButylMgBr on Methyl n -propyl ketone
Volume o f  g as  c o l l e c t e d :  1 7 ,0 0 0  m l. Volume 
u n a b s o rb e d ; 1 ,6 0 0  m l. .
The l i q u i d  p ro d u c t  was s e p a r a te d  u n d e r  re d u c e d  
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a )  below  66®/20mm (b ) 6 5 -7 0®/20mm ( c ) s m a l l  r e s id u e
F r a c t i o n a t i o n  o f  ( a ) a t  a tm o s p h e r ic  p r e s s u r e ;
Wo. B .P . S L
2 1 .2 5  
BU-.. .
1 39-4 0
2 3 9 -4 0
3 40-115 1 .5 1 .3 9 3 3
4 110-116 0 .5 1 .3 9 6 6
6 116-118 • 3 .0 1 .4 0 3 2
6 118-119 4 .5 1 .4 0 5 3
7 119-120 4 .0 1 .4 0 6 6
8 119-120 • 5 .5 1 .4 0 7 0
9 120-121 5 .6 1 .4 0 6 7
10 121-125 2 .5 1 .4 0 6 9
R e s id u e 1 5 .0
due from  (a )  was t r a n s f e r r e d to  ( b ) .
la te d
11
a t  22 mm Hg 
40 -44 3 .0 1 .4 0 7 5
12 45-50 5 .0 1 .4 0 8 3
13 5 0-55 3 .5 1 .4 0 9 5
14 5 3 -5 5 2 .5 1 .4 1 0 1
16 7 1 -7 2 0 .5 1 .4 2 3 1
16 7 2 -7 3 3 .0 1 .4 2 9 8
17 7 3 -7 3 4 .0 1 .4 3 0 0
18 .7 3 -7 3 7 .0 1 .4 3 0 1
19 7 5 -7 3 . 7 .0 1 .4 3 0 1
20 7 3 -7 3 8 .5 1 .4 5 0 1
21 7 3 -7 3 6 .5 1 .4 3 0 1
A h y d ro g e n p h th a la te  was p re p a re d  from  f r a c t i o n s  (8 ) and (9 ) 
by  h e a t in g  w ith  p y r id in e  and p h t h a l i c  a n h y d r id e  f o r  5 h o u rs
(contd)
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a t  106-110® . R e c r y s t a l l i s a t i o n  from  100-120® p e tro le u m  
e t h e r  gave a  h y d r o g e n p h th a la te  M .P. 59-60® . The M .P. o f  
m e th y l - n -  p ro p y l  c a r b in o l  h y d r o g e n p h th a la te  i s  g iv e n  i n  t h e  
l i t e r a t u r e  a s  60-61® .
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(17) l a oButylM gBr on M ethy l I s o p ro p y l k e to n e
Volume o f  gaa  c o l l e o t e d ;  2 0 ,6 0 0  m l. Voltuye 
u n a b s o rb e d Î 3 ,2 0 0  m l.
Some o f  th e  l i q u i d  p ro d u c t  o f  t h i s  r e a c t i o n  was 
l o s t  by f i r e .  H ow ever, th e  p r o p o r t i o n  o f  p r o d u c ts  
from  an  I d e n t i c a l  r e a c t i o n  c a r r i e d  o u t  e a r l i e r ,  b u t  
w i th o u t  g as  m e a su re m e n ts , i s  to  b e  s e e n  on p .  2 4 6  .
Of im p o r ta n c e ,  h o w ev e r, i s  t h e  s m a ll  r e s id u e  
l e f t  a f t e r  th e  Kon t r i a n g l e  d i s t i l l a t i o n  i n  th e  p r e s e n t  
e x p e r im e n t .  T h is  r e s id u e  was d i s t i l l e d  to  g iv e  2 ml 
o f  c o n d e n s a te .  The 2% 4 - d i n i t  ro p h e n y lh y d ra z o n e  p r e p a r e d  
from  t h i s  h ad  an  M .P. 86®. The m ixed M .P. w ith  th e  
2 ; 4 - d in i t r o p h e n y lh y d ra z o n e  from  E x p t. (5 )  was a l s o  
8 5 ° .
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(18) la o toutylMgBr on Methyl la obutyl ketone (1)
Voltome o f  gaa  c o l l e c t e d :  1 5 ,0 0 0  m l. Voltime
* •VV'?,
u n e b s o rb e d j 2 ,0 0 0  m l.
Kon t r i a n g l e  d i s t i l l a t i o n  gave o n ly  (a )  e t h e r
(b ) r e s i d u e .
F r a c t i o n a t i o n  o f  (b )  a t  re d u c e d  p r e s s u r e ;
WO. B .P . mm fiSL
2 1 .7 6
.
1 62 26 0 .5 1 .4 0 8 2
2 52-63 25 6 .5 1 .4 0 9 1
3 63 -6 4 26 9 .0 1 .4 1 0 2
4 63-54 25 7 .0 1 .4 1 0 7
5 64-56 26 7 .5 1 .4 1 1 1
6 63-64 26 9 .0 1 .4 1 1 2
7 63-5 4 26 1 .5 1 .4 1 1 2
8 54-5 5 26 5 .5 1 .4 1 1 3
9 55-63 26 2 .0 1 .4 1 1 8
10 46-47 3 1 .0 1 .4 3 1 2
11 46-4 7 3 7 .5 1 .4 3 1 6
12 46-47 3 1 0 .0 1 .4 3 1 6
13 47-47 3 1 0 .6 1 .4 3 1 5
14 4 7-4 7 5 9 .0 1 .4 3 1 7
16 4 7 -4 8 3 7 .6 1 .4 3 1 7
16 R e s id 6 .0 —
17 T rap 5 .0 1 .4 0 1 6  ( d r ie d )
The r e s id u e  (16 ) was d i s t i l l e d  a t  1 mm Hg u s in g  a Kon 
t r i a n g l e , a n d  from  th e  2 .0  gm r e s id u e  a  2 ;4 - d in i t r o p h e n y l -  
h y d ra z o n e  was p r e p a r e d ,  and c r y s t a l l i s e d  from  e t h y l  
a lc o h o l  M .P. 1 8 6 -1 2 7 ° .
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(19 ) I s otnitylM gBy W  M ethy l i s o b u ty l  k e to n e  ( 2)
T h is  e x p e r im e n t was c a r r i e d  o u t w ith  th e
r e a c t i o n  f l a s k  im m ersed i n  an  e th an o l/G O g  b a th  a t  -6 0 9 ,
S t i r r i n g  was c o n t in u e d  f o r  1 lio u r  a f t e r  th e  a d d i t i o n  o f  
th e  k e to n e 5 w h ich  to o k  5 h o u r s ,  and th e  a p p a ra tu s  was 
l e f t  a s sem b led  o v e r n l ^ t .  The g a s  t r a p s  w ere l e f t  
c o n n e c te d  and a t  a tem perA  u r e  o f  •7 2 > .
Volume o f  g a s  c o l le c te d *  300 ml# Volume 
u n a b so rb e d I  230 ml#
The r e a c t i o n  p ro d u c t  was s e p a r a te d  u n d e r  
re d u c e d  p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o :
( a )  be low  5 0 ° /2 9  mm (b ) r e s id u e
F r a c t i o n a t i o n  o f  (a )  a t  25 mm Hg:
No# B#P# £SL a ë .
1 43 •O'* 45 #0 0#5 1 .4 0 4 0
2 4 5 # 0 -6 1 ,0 1 .5 1 .4 0 4 0
3 5 1 •0 —52 #5 1#5 1 .4 0 7 8
4 52#5-53#5 1 .5 1 .4 0 9 4
5 5 3 •5 —54 #0 7 .0 1 .4 1 0 1
6 6 4 .0 -5 4 # 6 8 .0 1 .4 1 0 2
7 5 4 .0 - 5 4 .5 7 .0 1 .4 1 0 5
8 54#0-54#5 5 .5 1 .4 1 0 5
9 54#0—54 #5 8 .0 1 .4 1 0 6
10 54#0-54#5 2 .5 1 .4 1 0 5
11 R e sid u e 0 .5
12 T rap 1 0 .0 1 .3 9 4 0
(contd#)
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F r a o t i o n a t l o n  o f  (b ) a t  re d u c e d  p r e s s u r e ;
22
B.Pe mm m
11 5 4 .0 -5 4 .5 26 - 8 .5 1 .4 1 0 6
12 5 4 .0 - 5 4 .5 26 4 .0 1 .4 1 0 4
13 4 3 .0 - 4 4 .0 2 0 .5 1 .4 2 9 4
14 4 3 .5 —4 4 .0 2 3 .0 1 .4 3 0 6
16 4 3 .5 - 4 4 .0 2 4 .5 1 .4 3 0 8 '
16 4 4 .0 - 4 4 .5 2 5 .0 1 .4 3 0 8
17 44 .0 -44^ .5 2 ' 9 .0 1 .4 3 1 0
18 4 4 .5 - 4 5 .0 2 9 .0 1 .4 3 1 0
19 4 5 .0 - 4 5 .5 2- 4 .0 1 .4 3 1 0
20 R e s id u e - 6 .0
21 T rap  \ - 4 .0 1 .4 1 6 2
The r e s id u e  from  (b ) was d i s t i l l e d  a t  1 mm Hg u s in g  a  
Kon t r i a n g l e ,  and two f r a c t i o n s  o f  1 gm e a c h  w ere ta k e n
I
o f f .
1 3 6 ,3 9  <  1 .4 3 4 0
2 3 9 -4 0  " 1 .4 3 6 0
T h ie  l e f t  a  g o ld e n  y e llo w  r e s id u e  from  w h leh  was p re p a re d  
a 2 : 4 - d ln l t r o p h e n y lh y d ra g o n e  M .P. 1 2 6 -1 2 7 ° .
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(20) i s o ButylMfi:Br on M ethyl t e r t - b u ty l  k e to n e
The a d d i t io n  r e a c t i o n  was h o t v e ry  v ig o r o u s .  The 
q u a n t i ty  o f  t r a p  c o n te n t  in c r e a s e d  c o n s id e r a b ly  d u r in g  
r e f l u x .
Volume o f  g as c o l l e c t e d :  25 ,600  m l. Volume
u n a b so rb e d : 5 ,0 0 0  m l.
The l i q u i d  p ro d u c t was s e p a r a te d  u n d e r  re d u ce d  
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a ) below  40®/26 mm (b ) r e s id u e
F r a c t io n a t io n  o f  (a )  a t  a tm o sp h e r ic  p r e s s u r e ;
Ko. B .P . S L
15
£ i ) _
1 105 0 .5  . 1 .3 9 8 6
2 106-110 2 .5 1 .4070
5 110-110 4 .5 1 .4 0 7 8
4 . . 118-118 5 .0 1 ,4 0 7 8
6 117-118 2 .5 1 .4 1 2 6
6 118-121 5 .0 1 .4 1 5 5
7 121-125 8 .0 1 .4 1 6 0
8 . 121-125 7 .5 1 .4 1 6 6
.9 121-125 8 .0 1 .4 1 6 8
10 121-125 8 .0 1 .4 1 7 2
11 121-125 9 .0 1 .4 1 7 5
12 121-125 9 ,0 1 .4 1 7 6
la t io n  o f  (b ) a t 15 min Hg:
15 40-66 1 .0 1 .4241
14 66-70 1 .0 1 .4585
15 70-82 1 .5 1 .4400
16 82-8 4 5 .5 1 .4 4 2 5
17 84-94 4 .0 1 .4 4 5 2
18 85-87 2 .0 1 .4 4 7 5
19 87-95 2 .5 1 .4496
20 95-100 4 .5 1 .4 4 9 2
21 100-105 4 .5 1 .4 4 6 2
22 105-105 4 .0 1 .4441
25 105-105 0 .6 1 .4450
186
I The 2 ; 4 -d in tti*opheny lhydraa6one p re p a re d  from
;  ^ f r a c t i o n  (20) was r e c r y s t a l l l s e d  from  e th y l  a lc o h o l  a s
I  b r i g h t  y e llo w  n e e d le s ,  M .P. 147-147 .5® . The m ixed M.P.
w ith  th e  2 : 4 -d in i t ro p h e n y lh y d ra s o n e  from  E x p t. (10) was 
1 4 7 -1 4 7 .5 ^ . -r;- ^
The sm a ll r e s id u e  from  th e  f r a c t i o n a t i o n  
d e p o s i te d  a few m il l ig ra m s  o f  s o l i d .  T h is  was f i l t e r e d  
and w ashed s e v e r a l  tim e s  w ith  40-60® p e tro le u m  e t h e r  a t  
-6 0 ^ , and was r e c r y s t a l l l s e d  tw ic e  from  100-120® 
p e tro le u m  e t h e r ,  g iv in g  lo n g  w h ite  n e e d le s ,  M .P. 115® 
a t  each  c r y s t a l l i s a t i o n .
A n a ly s is :  C 7 1 .8  H 1 2 .5 3
T h is  g iv e s  an  e m p ir ic a l  fo rm u la  o f  Cg H^gO*
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(21) I s oButylMgBr on d lia obutyl ketone
The a d d i t io n  o f  th e  k e to n e  to  th e  G rig n a rd  
s o lu t io n  was n o t  a t ^ a l l  v ig o r o u s .  A good d e a l  o f  g as  
c o l le c te d  i n  th e  t r a p s  b e fo r e  r e f l u x i n g .
Volume o f  g as c o l l e c t e d ;  2 1 ,750  m l; Volume 
u n a b so rb e d ; 3 ,5 0 0  m l.
The p ro d u c t was s e p a r a te d  by Kon t r i a n g l e  
d i s t i l l a t i o n  i n t o ;  (a )  below  90®/18 mm Hg (b) r e s id u e .  
F r a c t io n a t io n  o f  (a )  a t  21 mm Eg;
Ho. B .P .
1
2
5
4
5
6
7
8 
9
10
11
12
15 
14
16 
16
17
18
19
20 
21
—* 6o 
60-70  
68-70
68-70
69-70
70-74
70-75
71-75  
75 -76  
75-78  
78-81
79-81
80-84  
80—82 
82-85
81-85  
81-86  
8 1 -8 5
81-.85 
81-86
82-86
0.6
2.0
2.0
2.0
2 .5
5 .0
4 .0
5 .0
5 .0
5 .0
5 .0
6 .5
5 .5
5 .5
6 .5
4 .5
4 .0
7 .0
6.6 
5 .5
4 .0
1 .4150
1 .4 1 8 3
1 .4206
1 .4 2 0 6  
1 .4208  
1 .4218  
1 .4 2 1 5
1 .4221
1 .4221  
1 .4 2 5 0  
1 .4248  
1 .4 2 5 4  
1 .4266  
1 .4260  
1 .4 2 7 2
1 .4271  
1 .4274  
1 .4 2 7 4 .
1 .4 2 7 2  
1 .4277  
1 .4280
The r e s id u e  from  (a )  was t r a n s f e r r e d  to  ( b ) ,  w hich was 
th e n  f r a c t i o n a t e d  a t  2 mm Hg.
( contd.)
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F r a c t io n a t io n  o f  (b)
No. B .P . gm 15
22 48-49 1 .0 1 .4268
23 49-55 2 .0 1 .4 2 7 2
24 55-60 4 .0 1 .4 3 1 8
26 60-71 2 .0 1 .4 3 3 8
26 7 1 -7 3 4 .0 1 .4 3 9 8
27 7 2 -7 3 3 .0 1 .4 4 0 1
28 7 2 -7 3 5 .5 1 .4 4 0 3
29 72 -7 3 7 .0 1 .4 4 0 2
30 7 3 -7 4 6 .0 1 .4 4 0 3
31 7 3 -7 4 5 .6 1 .4 4 0 4
32 R e sid 7 .0 •
f o r  d i i s o b u t y l  k e to n e  i s  1 .4 1 6 0
f o r  d i i s o b u t y l  c a r b in o l  i s  1 .4 2 3176
A n a ly s is  o f  f r a c t i o n  (30) 
T r i - i s o b u t y l  c a r b in o l
Found; C 7 7 .6 4
r e q ;  C 7 8 .0
H 1 3 .9 1  
H 1 4 .0
i-7 '
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( 2 2 ) seo -butylMgBr on Methyl n -propyl ketone
Volume o f  g as  c o l l e c t e d ;  1 6 ,300  m l. Volume 
u n a b so rb e d ; 9 ,0 5 0  m l.
The l i q u i d  p ro d u c t was s e p a r a te d  u n d e r  re d u c e d  
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a )  below  4C®/21 mm Hg (b ) r e s id u e
F r a c t io n a t io n  o f  (a )  a t  a tm o sp h e r ic  p r e s s u r e ;
fo. B .P . gm _ 2 1 .2 5%
1 — -1 0 3 1 .0
2 100-103 1 .0 1 .3 9 9 3
3 103-107 4 .5 1 .4 0 1 5
4 107-108 4 .0 1 .4 0 2 8
5 . 108-111 5 .0 1 .4 0 3 2
6 111-113 2 .5 1 .4 0 3 8
7 113-116 2 .0 1 .4 0 4 4
8 116-116 0 .5 1 .4 0 4 5
9 R esid u e 6 .0
F r a c t io n a t io n  o f  (b ) a t  red u ced  p r e s s u r e ;
Ho . B .P . mm gm « 2 1 .2 5 Ho. B .P . mm gm
21.21
10 —  83 25 0 .5 1 .4 3 7 2 21 43-44 1 2 .0 1 .4 4 6 4
11 8 3 -8 3 25 3 .0 1 .4378 22 45-47 1 2 .0 1 .4500
12 8 3-84 25 3 .5 1 .4 3 8 3 23 47-49 1 1 .0 1 .4 5 0 9
13 8 2 -8 3 25 4 .5 1 .4386 24 49-50 1 1 .0 1 .4 5 1 5
14 83-86 25 3 .0 1 .4391 25 49-51 1 1 .0 1 .4 5 3 5
15 83-86 25 2 .5 1 .4 3 8 4 26 51—52 f 1 1 .0 1 .4538
16 83-85 25 1 .5 1 .4 3 8 8 27 52-55 1 1 .0 1 .4 4 9 5
17 85-86 25 1 .0 1 .4 3 9 7 28 55-60 1 1 .0 1 .4427
18 85-87 25 3 .0 1 .4397 29 60-62 1 1 .0 1 .4 3 9 4
19 39-42 1 2 .5 1 .4415
20 42-43 1 1 .5 1 .4 4 4 9
(c o n td )
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A n a ly s is  o t  f r a c t i o n  (30)
M ethyl n -p ro p y l  k e to n e  k e t o l
Pounds 0 6 9 .9  H 1 1 .5  
re q s  C 6 9 .7  H 1 1 .6
A n a ly s is  o f  f r a c t i o n  (12) Pounds 0 7 6 .3 6  H 1 2 ,2 5
M e th y l- n -p r o p y ls e c - b u ty lo a r b in o l  re q s  C 7 5 .0  H 1 3 .9
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(25) 8e c -butylMgBr on Methyl 1sopropyl ketone
The a d d i t io n  o f  th e  k e to n e  to  th e  G rig n a rd  
s o lu t io n  was aooom panied by v ig o ro u s  r e a c t i o n .
Volume o f  g as  c o l l e c t e d :  21 ,800  m l. Volume
u n a b so rb e d : 11 600 m l.
The l i q u i d  p ro d u c t was s e p a r a te d  u n d e r  red u ce d  
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a )  below  55®/20mm (b) r e s id u e
F r a c t io n a t io n  o f  (a )  a t  a tm o sp h e r ic  p r e s s u r e ;
Ho . B .P . gm. «20*D
1 54-95 3 .5
2 95-101 3 .5 1 .3 9 4 5
5 101-105 2 .0 1 .4008
4 105-104 3 .5 1 .4030
5 103-104 2 .0 1 .4 0 3 2
6 104-105 2 .6 1 .4 0 4 2
7 , 104-106 2 .5 1 .4 0 4 2
8 105-106 2 .0 1 .4061
9 106-108 3 .0 1 .4 0 5 7
10 108-110 1 .5 1 .4 0 7 3
11 110-111 1 .5 1 .4087
R esid u e . 1 .0
( c o n td .4
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F r a c t io n a t io n  o f  (b ) a t  reduced  p r e s s u r e ;
ÏO. B .P . mm gm . 20.71
12 35*39 1 .5 1 .0 1 .4 4 5 3
13 39*40 1 .5 4 .0 1 .4 4 6 2
14 40-41 1 .5 2 .5 1 .4 4 8 4
15 40-41 1 .5 1 .5 1 .4 4 9 0
16 41-41 1 .5 4 .0 1 .4500
17 40-45 2 .0 1 .0 1 .4 5 0 2
18 45-65 2 .0 1 .0 1 .4 3 7 5
19 64-65 2 .0 2 .5 1 .4 3 6 8
20 64-65 2 .0 7 .0 1 .4368
21 64-65 2 .0 2 .5 1 .4368
22 64-65 2 .0 2 .0 1 .4368
23 64-65 2 .0 1 .5 1 .4368
24 R e sid - 2 .0 -
26 T rap - 1 1 .0 -
F r a c t io n s  (11 ). and (12) d ev e lo p ed  a brown c o lo u r  on 
s ta n d in g .
A n a ly s is  o f  f r a c t i o n  (20) Found: C 7 0 .0 1  H 1 2 .0 6
. M ethyl i s o p ro p y l  k e to n e  k e t o l  Reqj C 6 9 .7 7  H 1 1 .6 3
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(24) s e e -butylMgBr on Methyl n -hutyl ketone
The a d d i t io n  r e a c t io n  o f  th e  k e to n e  to  th e  G rig n a rd  
waa v ig o ro u s*
Volume o f  g as  c o l l e c t e d :  1 5 ,0 0 0  m l. Volume
u n a h so rb e d i 9 ,0 0 0  m l.
The l i q u i d  p ro d u c t was s e p a ra te d  u n d e r  red u ce d  
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o :
(a )  below  40®/20mm (b ) r e s id u e
F r a c t io n a t io n  o f  (a )  a t  a tm o sp h e r ic  p r e s s u r e ;
No# B .P . . gm nn^
1
2
3
4
—  115 
115-125 
125-130 
r e s id u e
0 .5
1.0
1.0
6.0
1 .4 0 0 3
1 .4039
1 .4 0 5 5
The r e s id u e  from  (a )  was t r a n s f e r r e d  to  ( b ) ,  w hich  was th e n  
f r a c t i o n a t e d  a t  red u ce d  p r e s s u r e ;
No. B .P . mm m
«23 ‘ 
2du-: , No. B .P . mm g s
25np
1 55-57 25 2 .5 1 .4158 14 — 85 3 1 .0 1 .4499
2 56-57 21 4 .0 1 .4 1 3 7 15 85-87 3 4 5 1 .4 5 5 2
3 55-56 21 2 .0 1 .4 1 4 2 16 81-82 3 7 .5 1 .4 5 5 3
4 36-60 3 0 .5 1 .4237 17 87-90 3 3 .5 1 .4549
5 61-63 3 1 .0 1 .4 3 9 2 18 90—90 3 1 .0 1 .4 5 5 5
6 65-64 3 4 .5 1 .4 4 0 7 19 90-73 1 0 .5 1 .4548
7 64-67 3 3 .0 1 .4 4 0 8 20 73-77 1 2 .5 1 .4 5 5 6
8 64-67 3 3 .0 1 .4 4 0 6 21 7 4-76 1 1 .5 1 .4558
9 64-65 3 2 .5 1 .4 4 0 5 22 77-80 1 1 .5 1 .4 5 1 0
10 63-68 3 4 .0 1 .4 4 0 7 25 80-87 1 1 .0 1 .4 5 1 0
11 63-68 3 5 .0 1 .4 4 0 6 24 85-90 1 1 .0 1 .4 5 1 6
12 64-65 2 1 .5 1 .4 4 0 9 25 90-92 1 1 .0 1 .4 4 4 9
13 63-65 2 3*0 1 .4 4 0 6 26 90-92 1 1 .0 1 .4 4 3 0
T rap - 5 .0 1 .4215 27 90-92 1 1 .0 1 .4421
A n a ly s is  o f  f r a c t i o n (9)
T rap  
Pound; G 76
5 .0
.79 H 1 4 .C
M eth y l- n -b u ty l a  e c - b u ty lo a rb in o 1 Req; C 7 6 .3 2  H 1 4 .4 5
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i  ■
(25) gee-butylMgBr on Methyl ia o butyl ketone (1)
The a d d i t io n  r e a c t i o n . o f  th e  k e to n e  to  th e
G rig n a rd  was v ig o ro u s .
Volume o f  gas c o l l e c t e d ;  2 0 ,000  m l. Volume
u n a b so rb e d ; 1 3 ,1 0 0  m l.
The l i q u i d  p ro d u c t was s e p a ra te d  u n d e r  re d u ce d  
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o :
(a )  below  40® /l8  mm (b ) r e s id u e  
F r a c t io n a t io n  o f  (a )  a t  a tm o sp h e r ic  p r e s s u r e ;
NO. B .P . gm
1 — 107 1 .0
2 .1 0 7 -1 1 4 3 .6 1 .4018
3 110-114 3 .0 1 .4028
4 114-118 1 .5 1 .4 0 3 9
6 118-123 0 .5 1 .4 0 4 6
6 123-127 1 .0 1 .4 0 6 6
7 127-129 1 .5 1 .4 0 8 8
8 129-131 ; 1 .5 1 .4 1 0 7
9 131-133  : 2 :5 1 .4118
( contd)
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F r a e t lo n a t lo n  o f  (b ) a t  red u ced  p r e a s u r e t
Ho, B .P . mm gm
10 55-54 5 0 .5 1 .4 5 8 4
11 55-55 5 2 .6 1 .4386
12 55-64 3 2 .0 1 .4 3 8 2
15 54-55 5 5 .0 1 .4582
14 54-54 5 1 .0 1 .4382
15 55-58 3 2 .0 1 .4 3 8 8
16 55-58  • 3 2 .5 1 .4587
17 55-60 5 1 .5 1 .4388
18 57-60 3 1 .5 1 .4386
19 57-60 3 2 .0 1 .4409
20 55-64 5 1 .0 1 .4411
21 55-67 3 2 .6 1 .4 4 3 9
22 63-69 5 2 .0 1 .4478
25 67-70 3 3 .0 1 .4 5 0 2
24 71-72 3 4 .5 1 .4 5 2 0
25 71-72 5 6 .0 1 .4521
26 7 2 -7 2 3 9 .0 1 .4520
27 67-70 2 2 .5 1 .4521
28 69-72 2 ' 3 .0 1 .4 5 2 1
29 7 2 -7 4 2 6 .5 1 .4521
50 69-75 2 1 .5 1 .4 5 1 5
51 72-7 4 2 2 .0 1 .4 5 1 3
52 75-77 2 2 .0 1 .4462
53 77-80 2 1 .6 1 .4480
54 80-85 2 1 .5 1 .4 4 6 2
36 82-87 2 1 .5  • 1 .4 4 4 2
36 87-87 2 2 .0 1 .4 4 0 2
57 87-87 2 0 .5 1 .4 3 8 9
A n a ly s is  o f  f r a c t i o n  (1 3 )  Found; G 7 6 .5 6  H 1 3 .9
Methyl"is o b u ty l s e c - b u ty l c a r b l n o l  Req; G 7 5 .9 5  H 1 5 .9
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(24) se c -butylMgBr on Methyl i s o butyl ketone (2)
I n  t h i s  e x p e rim en t th e  r e a c t i o n  f l a s k  was 
im m ersed in  a b a th  m a in ta in e d  a t  -46® to  -50® . , The 
k e to n e  was added o v e r  2 .5  h o u r s .  Volume o f  gas 
c o l l e c t e d ;  200 m l. Volume u n a b so rb e d ; 100 m l . .
The l i q u i d  p ro d u c t was s e p a r a te d  u n d e r  red u ce d  
p r e s s u r e  i n t o ;  (a )  below  40®/25 mm (b ) r e s id u e  
F r a c t i o n a t i on  o f  (a )  a t  a tm o sp h e r ic  p r e s s u r e ;
1
2
3
4 
6
B .P .
40-90
90-96
96-100
100-110
110-116
m
2.0
2.0
3 .0
3 .0
2.0
«23 
SD__
(w et) 
1 .3 9 0 8 (d r ie d )  
1 .3 9 6 8  »
1 .3 9 7 7  '*
1 .3 9 9 3  ^
F r a c t io n a t io n  o f  ( b ) a t  red u ced  p r e s s u r e ;
Ho. B .P . mm gm ng® No. B .P . vm gm »g=
6 46-53 25 0 .5 1 .4060 18 52-53 2 .0 5 .5 1 .4378
7 53-64 25 1 .0 1 .4 0 8 8 19 53-62 1 .5 1 .5 1 .4 4 5 5
8 53-54 26 0 .5 1 .4097 20 62-63 1 .5 1 .5 1 .4491
9 T rap 5 .0 1 .4138 21 61-63 1 .5 2 .5 1 .4488
10 47-49 2 1 .0 1 .4 3 5 6 22 63-64 1 .5 6 .0 1 .4501
11 50-51 2 1 .5 1 .4367 23 64-65 1 .5 7 .0 1 .4503
12 51-53 2 1 .5 1 .4 3 7 0 24 64-65 1 .5 2 .0 1 .4 5 0 2
13 52-53 2 2 .0 1 .4 3 7 3 26 65-67 1 .5 5 .0 1 .4501
14 52-53 2 2 .6 1 .4 3 7 4 26 66-67 1 .5 5 .5 1 .4 4 9 9
16 50-62 2 2 .5 1 .4 3 7 4 27 67-68 1 .6 3 .5 1 .4499
16 52-53 2 4 .0 1 .4378 28 R esid 2 3 .0
17 62-53 2 1 .5 1 .4 3 8 0 29 T rap 2 .0
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(27) s e c -butylMgBr on Methyl t e r t - butyl ketone
The a d d i t io n  r e a c t i o n  o f  th e  k e to n e  to  th e  
G rig n a rd  was n o t a t  a l l  v ig o ro u s*  The t r a p  c o n te n ts  
in c r e a s e d  much d u r in g  th e  r e f l u x  p e r io d .
Volume o f  g as c o l l e c t e d :  24 ,600  mm. Volume
u n a b so rb e d j 12 ,000  m l.
The l i q u i d  p ro d u c t was s e p a ra te d  u n d e r  red u ce d  
p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a )  below  35 /2 0  mm (b ) r e s id u e
F r a c t io n a t io n  o f  ( a )  a t  a tm o sp h e r ic  p r e s s u r e ;
No. B .P . gm - « r
1 108-109 4 .0 1 .4 0 1 3
2 109-110 4 .5 • 1 .4 0 2 3
5 110-112 5 .5 1 .4 0 3 8
4 112-112. 3 .5 1 .4 0 4 2
6 112-113 2 .6 1 .4041
6 113-114 4 .5 1 .4 0 5 2
7 114-116 5 .6 1 .4072
8 116-118 5 .0 1 .4 0 8 6
9 118-119 2 .5 1 .4111
10 120-120 1 .0 1 .4118
11 120-120 1 .5 1 .4 1 2 6
-
(con td .)
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F r a e t lo n a t lo n .  o f  (b ) a t  8 bm Hg.
KO. B .P . gm 4 “
12 " 49-52 2 .0 1 .4178
13 59-60 0 .5 1 .4 5 1 0
14 59-63 3 .0 1 .4500
15 . 63 -65 2 .0 1 .4474
16 64-67 1 .5 1 .4 4 6 5
17 68-70 2 .0 1 .4 4 9 0
16 7 0-74 3 .5 1 .4 4 4 2
19 74-77 2 .0 1 .4 4 4 4
20 75-77 3 .0 1 .4446
21 76-80 3 .0 1 .4 4 4 4
22 78-8 1 3 .0 1 .4 4 4 2
25 80-81 1 .5 1 .4 4 4 2
24 T rap 3 .0 -
25 D ra in 5 .0 -
The r e s id u e  from  (b ) s o l i d i f i e d  o v e r n ig h t  i n  th e  s t i l l  
p o t .  S o l id  m a t te r  was found i n  th e  w hole l e n g th  o f  
th e  column up to  th e  th e rm o m ete r. The p o t  c o n te n ts  
w ere d r a in e d  a t  th e  pump and th e  s o l i d  p ro d u c t was 
washed w ith  40-60® p e tro le u m  e t h e r  a t  -50® s e v e r a l  
t im e s .  T h is  gave 6 gm c l e a r  w h ite  n e e d le s ,  w hich 
when r e c r y s t a l l l s e d  from  aqueous e t h y l  a lc o h o l  had  an 
M .P. 9 2 -9 8 ° .
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(28) se c -butylMgBr ^  Methyl n- amyl ketone
Volume o f  g as c o l l e c t e d :  1 8 ,500  m l. Volume
u n a b so rb e d : 1 0 ,4 0 0  m l.
F r a c t io n a t io n  o f  th e  l i q u i d  p ro d u c t:
wo. B .P . nan m
22
____
1 20 1 .0 1 .4 1 0 0
2 50-65 20 D.5 1 .4 2 0 0
5 67-70 20 4 .0 1 .4 1 9 2
4 68-70 20 5 .5 1 .4 2 0 4
5 70-71 20 1 2 .5 1 .4 2 0 2
6 —  65 2 0 .5 1 .4 4 0 8
7 60-60 1 0 .5 1 .4 4 2 1
8 60—60 1 1 .5 1 .4 4 2 2
9 60—61 1 1 .5 1 .4421
10 60-60 1 2 .0 1 .4421
11 60-65 1 0 .5 1 .4 4 2 1
12 67-68 2 3 0 1 .4422
15 68-69 2 3 .0 1 .4 4 2 2
14 68-69 • 2 3 .5 1 .4 4 2 2
15 7 0 -7 2 5 1 .5 1 .4 4 2 3
16 7 5 -7 5 5 1 5 1 .4 4 2 2
17 74-7 4 5 5 .5 1 .4 4 2 5
18 —  68 2 1 .0 1 .4 4 2 2
19 68-68 . 2 1 .0 1 .4 4 2 2
20 68-90 2 1 .5 1 .4 4 3 7
21 90-110 2 2 .5 1 .4 5 0 0
22 108-110 2 3 .0 1 .4571
25 110-110 2 6 .0 1 .4 5 7 0
24 2 1 .0 1 .4580
25 2 0 .5 1 .4 5 7 5
26 R esid u e - 26 .0 -
I t  ap p e a re d  t h a t  b re a k  up o f  th e  k e to l  began  to  o c c u r ,  
s in c e  th e  f r e e z e  t r a p  became b lo c k e d  s e v e r a l  t im e s  d u r in g  
th e  l a t t e r  p a r t  o f  th e  d i s t i l l a t i o n ,  and th e  t r a p  c o n te n ts  
sm elled  o f  m e th y l n -am yl k e to n e . F r a c t io n a t io n  was 
th e r e f o r e  s to p p e d .
A n a ly s is  o f  f r a c t i o n  (14) Pound; C 7 6 .1 9  H 1 4 .1
M ethyl"n-am yl s e c - b u ty lc a r b in o l  Req; C 7 7 .0 2  H 1 4 .4
(29) aec-butylMgCl on Methyl te r t-b u ty l ketone 199
I n  t h i s  r e a c t i o n  th e  G rig n a rd  s o l u t io n  was
' Ï .
p re p a re d  from  1 mol m agnesium  i n  750 ml e t h e r .  ‘ 20% e x c e ss  
c h lo r id e  was needed  to  d i s s o lv e  th e  m agnesium . To th e  
d e c a n te d  s o l u t io n  w ere added 50 gm ( 0 :6  mol) p in a c o lo n e . 
S o l id  began  to  s e t t l e  o u t a f t e r  ab o u t 10 gm k e to n e  had  been  
ad d ed , and when th e  r e a c t i o n  was co m p le ted  a  t h i c k  w h ite  
s lu d g e  s e t t l e d .
Volume o f  g as  c o l l e c t e d ;  2 0 0 ,m l. Volume 
u n a b so rb e d ; 100 m l. The l i q u i d  p ro d u c t  was s e p a ra te d  
u n d e r  red u ce d  p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a )  below  40®/25 %m (b ) r e s id u e
F r a c t io n a t io n  o f  (a )  a t  a tm o sp h e ric  p r e s s u r e
WO. B .P . _  « 2 1 .5m   ^ Bd----- Wo. B .P . S L siiiL
1 —  74 3 .0 7 107-109 3 .0 1 .4 0 0 7
2 74-99 2.0_ 1 .3 9 5 2 8 109-110 3 .5 1 .4 0 1 8
5 99-101 1 .0 .  1 .3 9 8 2 9 110-112 3 .0 1 .4027
4 101-104 2.0„ 1 .3 9 8 4 10 . 112-113 2 .5 1 .4 0 4 2
5 104-106 2 .5  1 .3 9 8 8 11 113-115 2 .5 1 .4038
6 106-107 1 .5  1 .3 9 8 7 12 R esid u e 1 .5 -
F r a c t io n a t io n o f  (b ) a t  3 .6 mm Hg
Wo, B. P . m
13 — 72 1 .0 1 .4 4 7 6
14 72-78 2 .0 1 .4450
15 77-78 5 .0 1 .4430
16 76-79 6 .0 1 .4 4 2 0
17 R esid 0 .5
18 T rap 2 .5 1 .4 2 0 8
The r e s id u e  (17) was w ashed o u t w ith  e t h e r ,  f i l t e r e d ,  and 
th e  e t h e r  e v a p o ra te d . No s o l i d  m a t te r  was o b s e rv e d .
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(50) t e r t - butylMgBr on Methyl i s o butyl ketone
The p r e p a r a t io n  o f  th e  G rig n a rd  was n o t  as  
e a sy  a s  w ith  th e  o th e r  G rig n a rd  r e a g e n ts  u s e d .  A 
b la c k  s lu d g e  form ed and some o f  th e  magnesium rem ained  
u n d is s o lv e d  a lth o u g h  n e a r ly  2b% e x c e ss  t e r t - b u ty l  was 
u s e d . ,  .
A f te r  th e  a d d i t io n  o f  th e  k e to n e  th e  s o lu t io n  
was r e f lu x e d  f o r  70 m in u te s ,  by w hich  tim e  g as  was b e in g  
ev o lv ed  o n ly  v e ry  s lo w ly .
Volume o f  g as c o l l e c t e d :  2 1 ,0 0 0  m l. Volume 
u n a b so rb e d ; 1 1 ,3 0 0  m l.
On c o o l in g ,  th e  s o lu t io n  d e p o s i te d  c o lo u r le s s  
c r y s t a l s  around  th e  w a ll  o f  th e  r e a c t i o n  f l a s k .  I t  was 
a t te m p te d  to  wash th e  c r y s t a l s  w ith  e t h e r ,  and to  work 
them  up s e p a r a te ly  from  th e  m ain s o l u t i o n .  Only 1 .5  
gm o f  l i q u i d  w ere o b ta in e d ,  h o w ev er, t h i s  b e in g  to o  
sm a ll an  amount to  e n a b le  i d e n t i f i c a t i o n  a s  a  p u re  
com ponent o f  th e  r e a c t i o n  p r o d u c t .
The l i q u i d  p ro d u c t was s e p a ra te d  u n d e r  
red u ced  p r e s s u r e  by Kon t r i a n g l e  d i s t i l l a t i o n  i n t o ;
(a )  below  50®/28 mm (b ) r e s id u e
F r a c t io n a t io n  o f  ( a ) a t  a tm o sp h e r ic  p r e s s u r e ;  T h is  was 
made d i f f i c u l t  by th e  s o l i d i f i c a t i o n  o f  p a r t  o f  th e  
d i s t i l l a t e  i n  th e  ta k e  o f f  c h a n n e l,  so t h a t  o n ly  
i n t e r m i t t e n t  ta k e  o f f  co u ld  be u s e d .
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Ko. B .P . m
1 - ^ 1 0 0 2
2 100-105 4
3 105-110 4
4 110-115 1
5 110-115 3
6 115-120 1
7 118-120 1
l i q u i d  a t  room te m p e ra tu re  
p a r t l y  s o l i d  a t  room te m p e ra tu re
l i q u i d  a t  room te m p e ra tu re  
Each o f  th e  f r a c t i o n s  was warmed u n t i l  th e  s o l i d  had  
d is s o lv e d ,  and th e n  a llo w ed  to  c o o l .  The s o l i d  w hich  c ry ­
s t a l l i s e d  o u t was f i l t e r e d  o f f  i n  a c o o le d  f i l t e r  fu n n e l ,a n d  
th e  f i l t r a t e s  w ere c o o le d  i n  i c e  s l u r r y ,  and th e  p ro c e s s
r e p e a te d .  The f i l t r a t e s  sm e lle d  s t r o n g ly  o f  m e th y l
1
is o b u t y l  k e to n e .
The s o l i d  was i d e n t i f i e d  by i t s  g r e a t  te n d e n cy  to  
su b lim e , and i t s  M .P. 105®, a s  d i - t e r t - b u t y l .
The r e s id u e  from  (a )  was t r a n s f e r r e d  to  (b ) ,w h ic h  
was f r a c t i o n a t e d  a t  red u ced  p r e s s u r e .
B .P . mm gm
1
2
3
4 
6 
6
7
8 
9
10
11
12
IS
14
15
61-53
64-55
54-55
55-56
55-56
56-80 
8 0 -8 2  
82-84
82-8 4  
8 4 -8 5
83-85
33-34
34-35  
36-44  
44-47
2 9 .0
2 9 .0
2 9 .0
2 9 .0
2 9 .0
2 9 .0
2 9 .0
2 9 .0
2 9 .0
2 9 .0
2 9 .0  
1.6
1 .5
1 .5
1 .5
1.0
2 .5
2 .5  
2.0 
1.0 
1.0 
1.0 
2.0
2 .5  
2.0
1 .5  
2.0
1 .5
1 .5
1 .5
1 .4078
1 .4108
1 .4110
1 .4118
1 .4119  
1 .4278  
1 .4 3 5 4  
1 .4 3 5 7  
1 .4 3 6 3
1 .4 3 6 5
1 .4 3 6 6
1 .4368  
1 .4 3 6 5  
1 .4361
1 .4 3 6 9
Ko.
16
17
18
19
20 
21 
22
23
24
25
26
27
28 
29
B .P . mm gm
47^55
55-62
60-62
61-62
61-62
62-64
65—66
65-66
65-66
66-67 
66-67 
66-67 
R es id  
T rap
1 .7 5
1 .7 5
1 .7 5
1 .7 5
1 .7 5  
2.0  
2.0  
2.0  
2.0  
2.0  
2.0 
2.0
1.0
2 .5  
2.0
4 .0
3 .5
2.0
1 .5
4 .0
6.0
6 .5
5 .0
8.0  
1.0  
5 .0
1 .4 3 7 5
1 .4 4 3 9
1 .4 4 4 5
1 .4466
1 .4 4 7 3
1 .4481
1 .4 4 8 5
1 .4490
1 .4 4 9 5
1 .4498
1 .4501
1 .4 5 0 3
(contd .)
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The p - to lu e n e s u lp h o n a te  p re p a re d  from  f r a c t i o n  (3 ) 
was r e c r y s t a l l i s e d  from  100-120® p e tro le u m  e t h e r ,  and had  
an  M .P. 5 8 -5 8 .5 ° .
A n a ly s is  o f  f r a c t i o n  (11 ) ■ Ponnd; C 7 5 .7 5  H 1 5 .9 7
A n a ly s is  o f  f r a c t i o n  (14) Found: G 7 5 .9 8  H 1 4 .1 6
M ethy l-1  s o b u t y l - t e r t - b u t y l c a r b l n o l  r e q :  C 7 5 .9 5  H 1 3 .9 7
-y
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( 31 ) t e r t - butylM gB r ( »  M ethyl etüyl im to n e  ^
The p r e p a r a t io n  o f  th e  G rig n a rd  was a g a in
; . • •' ■ 
d i f f i c u l t .
Volume o f  gae c o l l e c t e d ;  18 ,500  m l. Volume 
u n ab e o rb e d ; 7 ,1 0 0  m l..
The l i q u i d  p ro d u c t was s e p a ra te d  u n d e r  red u ced  
p r e s s u r e  i n t o ;  (a )  50 gm below  40 /2 2  mm (b) 46 gm 
r e s id u e . .
F r a c t io n a t io n  o f  a t  a tm o sp h e r ic  p r e s s u r e ;
21^5 nj)
-  l i q u i d  a t  room te m p e ra tu re
-  p a r t l y  s o l i d  a t  room te m p e ra tu e
«•I ^   ^ .
«
« n
No. B . P . •* gm
1 34-36 1 1 .6
2 34-36 6 .0
3 36-74 0 .5
4 74-86 1 .5
6 86-91 3 .0
6 91-94 4 .0
7 92-95 4 .0
8 95-98 4 .0
9 98-100 3 .0
10 99-100 1 .0
11 R esid 4 .0
 1 .3 9 8 1  l i q u i d  a t  room te m p e ra tu re
1.3975  ^ *
1 # W
F r a c t io n s  (5) to  (10) w ere im m ersed i n  i c e
s l u r r y ,  and ' th o s e  t h a t  w ere p a r t l y  s o l i d  a t  room
• «'
te m p e ra tu re  became a lm o s t e n t i r e l y  s o l i d ,  w hereas th o s e  
t h a t  w ere l i q u i d  a t  room te m p e ra tu re  showed no s o l i d  
m a t te r  a t  a l l  a t  0®. The s o l i d  m a t te r  was f i l t e r e d  o f f .
and when d ry  amount to  3  2. gm.
(contd .)
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F r a c t io n a t io n  o f (b ) a t  red u ced p r e s s u r e :
No. B .P .
22
B .P . 22mm m njL. Ho. mm m Bd____
12 60-61 2 6 .0 0 .5 1 .4349 24 57-58 2 .6 1 .5 1 .4352
13 61-62 26 .0 3 .0 1 .4 3 5 1 25 57-56 2 .5 1 .0 1 .4 3 5 3
14 61-62 2 6 .0 2 .0 1 .4356 26 56-87 2 .6 0 .5 1 .4 4 0 4
16 62-62 2 6 .0 5 .5 1 .4 3 5 8 27 87-90 2 .5 0 .5 1 .4 6 3 4
16 62-63 2 6 .0 3 .5 1 .4 3 6 3 28 90-91 2 .5 0 .5 1 .4649
17 63-64 2 6 .0 2 .0 1 .4 3 7 4 29 91-93 2 .5 1 .5 1 .4645
18 64-66 2 6 .0 2 .5 1 .4 3 9 2 30 93-93 2 .5 1 .0 1 .4645
19 65-67 2 6 .0 2 .6 1 .4417 31 93-94 2 .5 1 .5 1 .4651
20 67-68 2 6 .0 2 .0 1 .4 4 3 2 32 94-95 2 .5 1 .5 1 .4658
21 35-40 3 .0 1 .0 1 .4 4 7 4 33 R e sid 1 .0
22 40-57 2 .6 1 .5 1 .4 3 9 3 34 T rap 6 .0
23 57-58 2 .5 0 .6 1 .4348
The 2 ;4 -d in i t ro p h e n y lh y d ra z o n e  p re p a re d  from  f r a c t i o n  (2 9 ) was 
r e c r y s t a l l l s e d  from  e th y l  a l c o h o l ,  and had an M .P. 146-147®.
The 2 j4 -d in i t ro p h e n y lh y d ra z o n e  p re p a re d  from  f r a c t i o n  
(24) c o n s is te d  o f  two compounds w hich co u ld  n o t be s e p a ra te d  
c o m p le te ly . The o r i g i n a l ,  when c r y s t a l l i s e d  from  e th y l  
a l c o h o l ,  m e lte d  betw een  110-120® . R epea ted  c r y s t a l l i s a t i o n s  
r a i s e d  th e  M .P. to  127-128® and f r e e z in g  o f  th e  m o ther l i q u o r s  
o f  th e  f i r s t  c r y s t a l l a t i o n  gave a p ro d u c t M .P. 86-96® . F u r th e r  
c r y s t a l l i s a t i o n s  gave an  e v e r  d im in is h in g  p ro d u c t s t i l l  h av in g  
a m e lt in g  r a n g e . T here  was i n s u f f i c i e n t  f o r  a n a l y s i s ,  and 
i n s u f f i c i e n t  o f  f r a c t i o n  (24) to  p re p a re  m ore.
A n a ly s is o f  f r a c t i o n (15 Pound; C 7 3 .4 H 1 3 .5 9
re q ;  C 7 3 .8 H 1 3 .8 4
A n a ly s is  o f  f r a c t i o n  (24) Found: C 6 6 .3 7 H 1 1 .0 8
r e q ;  G 6 6 .6 6 H 1 1 .11
A n a ly s is o f  f r a c t i o n  (29) Found; C 7 0 .2 1 H 1 0 .3 9
r e q ;  G 7 2 .7 1 H 1 1 .1 1
A n a ly s is o f  f r a c t i o n (31) Pound; C 7 0 .2 1 H 1 1 .3 2
r e q ;  G 7 2 .7 1 H 11 .11
A n a ly s is  o f  2 ; 4 -d in l tro p h e n y lh y d ra z o n e  from  f r a c t i o n  (29)
Found C 56 .46 H 6 .8  H 15,► 1
Req; C 5 7 .1 4 H 6 .7 6  H 14,,8
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(52) Attempted préparations o f  d l - te r t-b u ty l
(a )  te r t-b u ty lM g O l + t e r t - b u ty l  c h lo r id e
^  A s o lu t io n  o f  te r t-b u ty lM g O l was made i n  1000 ml
anhydrous e t h e r  from  1 m ol. magnesium* The s o lu t io n  d e p o s i te d  
a b la c k  s lu d g e  d u r in g  p r e p a r a t i o n ,  and a g a in  a f t e r  d e c a n tin g  
th ro u g h  g la s s  w o o l. To t h i s  s o lu t io n  was s lo w ly  added 1 m ol. 
t e r t - b u t y l  c h l o r id e ,  and th e  s o lu t io n  was th e n  r e f lu x e d  f o r  
1 h o u r .  ; A f te r  c o o l in g ,  w a te r  was added s lo w ly , and th e  
p ro d u c t was w orked up i n  th e  u s u a l  w ay. Only a v e ry  sm a ll 
r e s id u e  was o b ta in e d .  T h is  c o n ta in e d  no d i - t e r t - b u t y l .
(b) te r t-b u ty lM g C l + CuClg
The s o lu t io n  o f  te r t-b u ty lM g C l was made as  i n  ( a ) .
To th e  s o lu t io n  was added 1 m ol. f r e s h l y  p re p a re d  anhydrous 
CuClg, and th e  s o lu t io n  was th e n  s t i r r e d  u n d e r  r e f l u x  f o r  ‘2 
h o u r s .  A f te r  s ta n d in g  o v e rn ig h t  w a te r  was added w ith  
c o n tin u o u s  s t i r r i n g .  F e r r i c  c h lo r id e  was added to  o x id is e  
in s o lu a b le  co p p e r s a l t s ,  b u t  t h i s  was n o t e f f e c t i v e .  The 
e t h e r  s o lu t io n  was washed u n t i l  b o th  e th e r  and w ash ing  w a te r  
w ere c o l o u r l e s s .  A f te r  d ry in g  and rem oving  th e  e t h e r  th ro u g h  
an 8 in c h  colum n, a  sm a ll r e s id u e  was o b ta in e d  from  w hich  a 
few m il l ig ra m s  o f  s o l i d  d i - t e r t - b u t y l  w ere o b ta in e d .
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(c) tert-butylM gCl t  ter t-b u ty lC l t  CoOlg
The te r t-b u ty lM g C l s o lu t io n  was made as  b e f o r e ,  
and co o led  I n  an e thano l/G O g b a th  a t  0®. To th e  s o lu t io n  
were added 6 .6  gm (5  mol JÈ) f r e s h l y  p re p a re d  anhydrous
CoClg, and th e  s o lu t io n  was s t i r r e d  f o r  h a l f  an h o u r .
1 m o l. t e r t - b u t y l  c h lo r id e  was th e n  added o v e r  1 .2 5  h o u r s .
The b a th  was k e p t  a t  0® to  -  5® d u r in g  th e  a d d i t i o n .  The 
a d d i t io n  was accom panied  by e f f e r v e s c e n c e .  A f te r  s t i r r i n g  
f o r  1 h o u r ,  th e  s o lu t io n  was a llow ed  to  s ta n d  f o r  two d a y s .
A h eavy  s lu d g e  o f  brown and w h ite  g ra n u le s  fo rm ed . w a te r
Euid d i l u t e  a c e t i c  a c id  w ere ad d ed , and th e  e t h e r  l a y e r  was
s e p a r a te d  and w ashed s e v e r a l  tim e s  w ith  sodium  b ic a r b o n a te  
and w a te r .  A f te r  d ry in g  w ith  c a lc iu m  c h lo r id e  th e  e t h e r  
was removed th ro u g h  an  8 in c h  colum n. The r e s id u e  was 
d i s t i l l e d  th ro u g h  a 6 in c h  column f i l l e d  w ith  P enske  h e l i c e s ;  
th e  d i s t i l l a t e  was c o l l e c t e d  i n  f i v e  p o r t io n s  betw een  100-104®
No. SdL . £S Ho. HdÎ m
1 1 .3978 1 .0 4 1 .4 0 5 8 3 .0
2 1 .4048 1 .5 5 1 .4 0 6 7 1 .0
3 1 .4 0 5 2 2 .0  .
The r e f r a c t i v e  in d e x  o f  d i is o b u ty le n e  a t  15® i s  1 .4 1 1 5 . Ho 
d i - t e r t - b u t y l  was o b ta in e d .
(d ) te r t-b u ty lM g B r  + t e r t - b u ty l  brom ide
The same p ro c e d u re  was u sed  as  i n  ( a ) .  Ho 
d i - t e r t - b u t y l  was o b ta in e d .
<h
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(33 ) I d e n t i f i c a t i o n  o f  S o l id  from  s  x p ts  10 & 27
o(a )  A n a ly s is  o f  th e  r e o r y s t a l l i s e d  s o l i d  M .P. 92-93
Found: C: 7 1 .2 9  H: 1 2 .7 1  T h is  i n d i c a t e s  a  fo rm u la
a p p ro x im a tin g
(b) The M.Wt o f  th e  s o l i d  was d e te rm in ed  by c ry o sc o p ic
m easurem ents I n  b e n z e n e . The M.Wt. was d e te rm in e d  a t  t h r e e  
c o n c e n t r a t io n s ,  and th e  v a lu e s  found  w ere e x t r a p o la te d  to  
z e ro  c o n c e n t r a t io n .  The c ry o s c o p ic  c o n s ta n t  f o r  th e  
benzene was d e te rm in e d  u s in g  n a p h th a le n e  as s o l u t e .  The 
M.Wt o f  th e  s o l i d  was found to  be 210 . (T h is  i s  w i th in  
e x p e r im e n ta l  e r r o r  o f  2 0 0 ) .
(c) Some o f  th e  s o l i d  was d is s o lv e d  i n  p y r id in e ,  and
b en z o y l c h lo r id e  was ad d ed . The s o lu t io n  became p u rp le  
and d e p o s i te d  n e e d le s  o f  p y r id in e  h y d r o c h lo r id e .  D i lu te  
RGl was ad d ed , and an  o i l 's e p a r a t e d  o u t .  T h is  s o l i d i f i e d  
a f t e r  two w eeks, and was r e c r y s t a l l i s e d  from  100-120® 
p e tro le u m  e t h e r .  The l . P .  was 121-122® , and in d ic a t e d  
t h a t  th e  p ro d u c t was o n ly  b e n z o ic  a c id .
(d ) The same p ro c e d u re  was c a r r i e d  o u t  a s  i n  (c )  u s in g
p - to lu e n e s u lp h o n y l c h lo r id e .  The o n ly  p ro d u c t o b ta in e d
was th e  o r i g i n a l  p - to lu e n e s u lp h o n y l  c h lo r id e .
2 0 8
(e) Some of the solid was heated with acetic
anhydride on a steam bath for one hour, cooled, and diluted , 
with water. The oil which separated soon solidified, and 
when washed and dried had an M.P. 92-95®.
(f) Some of the solid was refluxed with acetic 
anhydride and sodium acetate on a sand bath for one hour#
On diluting with water a small amount of sweet smelling oil 
separated, but could not be identified#
(g) Some of the solid was dissolved in a freshly
prepared solution of lead tetra-acetate in acetic acid. No 
visible reaction took piece either in the cold or on warming 
or on refluxing the solution.
/
(h) Attempted synthesis of pinacolone pinaool. Using the
12method of Uomberg and Bachmann , a solution of Mgl was 
made from 7.6 gm magnesium and 21 gm iodine. To this were 
added 16 gm pinacolone. After continuing as directed no 
other product than pinacolone was obtained.
(i) As in (h) but refluxed several hours, after adding 
the pinacolone. Once again only pinacolone was obtained.
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( j )  S y n th e s is  o f  p in a c o lo n e  p ln a c o l . U sing  th e  m ethod o f  
48D e la c re  20 gm p in a c o lo n e  w ere r e a c te d  w ith  12 gm sodium  
i n  a  B iix tu re  o f  e t h e r  and w a te r .  The washed and d r ie d
t
p ro d u c t c o n s is te d  m o s tly  o f  p in a c o ly l  a l c o h o l ,  h u t on 
e v a p o ra t in g  t h i s  a sm a ll amount o f  s o l i d  r e s id u e  was 
o b ta in e d .  T h is  was w ashed w ith  40-60® p e tro le u m  e t h e r  
a t  -60® , and was th e n  c r y s t a l l i s e d  from  p e tro le u m  e t h e r .  
M .P. 69-70® . The M .P. g iv e n  by D e la c re  i s  72®. T h a t 
g iv e n  by  P r i e d e l  and S i lv a ^ ^ i s  6 9 ^ .
(k ) Some o f  th e  s o l i d  was d e h y d ra te d  by d i s t i l l i n g
o v e r  n a p h th a le n e - 2 - s u lp h o n ic  a c id .  Only a sm a ll amount o f  
o l e f i n  and w a te r  was o b ta in e d .  T h ere  was i n s u f f i c i e n t  f o r  
i d e n t i f i c a t i o n .
(1) R e d u c tio n  o f  p in a c o lo n e  k e t o l . (1 ) 4 gm o f  th e  k e t o l  
from  E x p t. (27) w ere d is s o lv e d  i n  e th y l  a l c o h o l ,  and 1 gm 
sodium  was added i n  sm a ll p i e c e s .  The s o lu t io n  was d i l u t e d  
w ith  w a te r  and an  u p p e r l a y e r  was o b ta in e d  s m e ll in g  o f  
p in a c o ly l  a l c o h o l .  S o l id  m a t te r  began  to  be d e p o s i t e d ,  
and th e  u p p e r  l a y e r ,  on s e p a r a t io n  and e v a p o ra t io n ,  gave 
a c o n s id e r a b le  amount o f  s o l i d .  T h is  was r e o r y s t a l l i s e d  
from  aqueous e th y l  a l c o h o l ,  and h ad  an M .P. 92-95® . The 
m ixed M.P. w ith  th e  "unknown*’ s o l i d  was 9 2 -9 3 ^ .
(m) R e d u c tio n  o f  p in a c o lo n e  k e t o l  (2 ) 3 .5  gm o f  th e  k e t o l
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w ere d is s o lv e d  i n  20 ml e th y l  a l c o h o l ,  and 5 ml N FeClg 
s o lu t io n  w ere ad d ed . The s o lu t io n  was sh ak en  w ith  
Adam»8 PtOg c a t a l y s t  and h y d ro g en  a t  60 l b  s q .  i n .  
p r e s s u r e  f o r  12 h o u r s .  The f i l t e r e d  s o lu t io n  was d i l u t e d  
w ith  w a te r ,  and e x t r a c te d  w ith  e t h e r ,  and th e  e th e r  
s o lu t io n  was w ashed w ith  w a te r  s e v e r a l  t im e s .  A f te r  
d ry in g  w ith  c a lc iu m  c h lo r id e  th e  e t h e r  was e v a p o ra te d , ' 
le a v in g  a l i q u i d  w hich s lo w ly  d e p o s i te d  c r y s t a l s  a round  
th e  p e r im e te r .  T hese w ere rem oved and p u r i f i e d  by 
r e p e a te d  e v a p o ra t io n  o f  t h e i r  e t h e r  s o l u t i o n .  The c r y s t a l s  
so o b ta in e d  w ere r e o r y s t a l l i s e d  from  aqueous e th y l  a l c o h o l ,  
and had  an M.P. 9 2 .5 -9 5 .5 ® . The m ixed M.P. w ith  th e  
• u n k n o w n s o l id  was 9 2 .5 -9 3 -5 ® .
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S w m r y  o f  M M y b ttB n ta l work on 2 ; 4 ; ane
(A) On th e  s y n th e s e s  o f  2 :4 j6 - t r im e th y lh e p ta n o l - 4
E x p erim en ts  (54) to  (45) d e a l  w ith  th e  t h r e e  
s y n th e s e s  u se d  ( i . e . )
(54) The i n t e r a c t i o n  o f  m eth y l i s o b u t y l  k e to n e  
and is o b u ty lM gB r.
(55) t o (44) The i n t e r a c t i o n  o f  m e th y l a c e t a t e  and 
is o b uty lM gB r.
(45) The i n t e r a c t i o n  o f  d i i s o b u ty l  k e to n e  and m ethylM gBr.
(B) On th e  d e h y d ra t io n  o f  2 ; 4 : 6 - 1 rim e  th y  Ih ep  t  ano 1 - 4 and th e  
r e d u c t io n  o f  2 * 4 ;ô - 1 r im e th y Ih e x e n e .
E x p erim en ts  (46) to  (49) ^
(0 ) On th e  I d e n t i f i c a t i o n  o f  th e  b y -p ro d u c ts  from  th e  m eth y l 
• a c e t a t e  s y n th e s e s .
E x p erim en ts  (60) to  (55)
(D) On th e  p r e p a r a t io n  o f  i s o b u t y l  brom ide 
E xperim en t (56)
N.B. N otes on th e  p r e p a r a t io n  o f  m e th y l i s o b u t y l  
k e to n e  a r e  g iv e n  i n  th e  e x p e r im e n ta l work on 2 : 5 ; 5 - t r i -  
rae thy lhexane (pp.2^S-6o) 1
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2 * 4 :6-Trime thylhept a n o l-  4
I n  th e  e le v e n  p r e p a r a t io n s  o f  2 ; 4 ; G - t r im e th y l-  
h e p ta n o l-4  d e s c r ib e d  below  th e  fo llo w in g  p ro c e d u re  was 
a d o p te d . The la o b utylM gB r s o lu t io n  was made by ad d in g  
th e  d e s ire d  amount o f  i s o - b u ty l  brom ide to  an  e x c e ss  o f  
magnesium  u n d e r  anhydrous e t h e r .  When a l l  th e  brom ide had  
been  added th e  s o l u t io n  was b o i le d  u n d e r  r e f l u x  f o r  h a l f  
an  h o u r ,  c o o le d , and d e c a n te d  from  unused  magnesium th ro u g h  
g la s s  wool i n t o  a second  d ry  f l a s k .  The second  r e a g e n t  
was th e n  added d ro p w ise  to  th e  G rig n a rd  s o lu t io n .  A f te r  
t h i s  r e a g e n t  had  been  added th e  s o lu t io n  was r e f lu x e d  f o r  
a d e te rm in e d  t im e , c o o le d , and p o u red  on to  c ru sh ed  i c e .
The m ix tu re  was th e n  d is s o lv e d  o u t w ith  c o n c e n tr a te d  
h y d r o c h lo r ic  a c id ,  s e p a r a te d  and e x t r a c te d  w ith  e t h e r .  The 
e t h e r  s o lu t io n  was washed tw ic e  w ith  2Q% sodium  c h l o r id e ,  
once w ith  50^ sodium  h y d ro x id e , and tw ic e  w ith  w a te r .  A f te r  
d ry in g  o v e rn ig h t  w ith  p o ta s s iu m  c a rb o n a te  th e  e th e r  was 
removed th ro u g h  a s h o r t  column a id  th e  r e s id u e  d i s t i l l e d  
a t  red u ced  p r e s s u r e .  The d i s t i l l a t e  was th e n  f r a c t i o n a t e d  
a t  a tm o sp h e r ic  p r e s s u r e  th ro u g h  an 8 i n .  D u fto n  colum n.
F o r co n v en ien ce  th e  p r o p o r t io n s  o f  r e a g e n ts  u sed  
and t h e i r  y i e l d  o f  t e r t i a r y  o a rb in o l  a re  e x p re s se d  i n  a 
t a b u l a r  fo rm . As a  t y p i c a l  exam ple o f  th e  f r a c t i o n a t i o n  
o f  th e s e  r e a c t io n s  p ro d u c ts  t h a t  o f  E x p t. 38 i s  g iv e n  i n  
f u l l .  The b y -p ro d u c ts  from  th e s e  r e a c t io n s  a r e  d e a l t  
w ith  on pp ZZZ'-ZZh *
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E x p t  •  l 8 o B u . B r M e t h y l  M e . O O . l m o B u  R a t i o  o f  R e f l u x e c l  
A c e t a t e  r e a o t a n t a  h o u r s
g m s m o i s g m s m o i s g m s . m b l a
3 4 8 0 0 . 6 4 0 0 . 4 ~ 1.5
3 6 1 3 7 1 . 0 1 9 0 . 2 5 - - 4 : 1 1.5
3 6 2 1 0 1 . 5 3 4 0 0 . 5 4 - - 3 : 1 1.6
3 7 2 3 0 1 . 6 8 3 1 0 . 4 2 - - 4 : 1 6.0
3 8 4 2 0 3 . 0 6 5 8 0 . 7 8 - - 4 : 1 2 . 0
3 9 4 1 1 3 . 0 5 7 0 . 7 7 - - 4 : 1 ■ 1 . 5 )
4 0 4 1 1 3 . 0 5 7 0 . 7 7 - - 4 : 1 1 . 5 )
4 1 4 1 1 3 . 0 5 7 0 . 7 7 4 : 1 4 . 0 )
4 2 4 1 1 5 , 0 5 7 0 . 7 7 - - 4 : 1 4 . 0 )
4 3 2 7 4 2 . 0 5 0 0 . 6 7 •i. . . 5 : 1 4 . 0
4 4 4 1 1 3 . 0 7 6 1 . 0 - - 3 : 1 6 . 0
% Y i e l d  
t e r t ^ O H
2 7 . 0
0 3 . 0  
2 6 . 5
%%:%
5 1 . 0
ii! 2 5 . 0
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S o u r c e  o f  
I s o B u B r
HBP/H2SO4
H B r / H g S O ^
H B r / H g S 04
HBr/Hg804
H B r / H g S 04
PBrs
PB rs
PBr,
H B r / H g S 04
T h e s e  r e s u l t s  a r e  d i s c u s s e d  o n  p  1 2 . 6
E x p t .  5 8  F r a c t i o n a t i o n  g a v e i
N o . B . P . g m s N o . B . P . g m s .
1 8 0 - 1 0 8 4 . 0 6 1 7 6  -  1 8 5 2 8 . 0
2 1 0 8 - 1 1 8 6 . 0 7 1 8 6  -  2 0 7 3 . 5
3 1 1 8 - 1 2 8 3 , 5 8 2 0 7  -  2 1 6 2 . 0
4 1 2 8 - 1 3 2 2 0 . 0 9 2 1 5  -  2 1 9 2 * 0
5 1 3 2 - 1 7 5 9 . 0 1 0 2 1 9  -  2 2 2 2 . 0
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MethylMgBr and d lIsobutyl ketone>
(V5>
A s o lu t io n  o f  methylMgBr was made i n  anhydrous e t h e r  
by ad d in g  s u f f i c i e n t  m e th y l b rom ide to  4 8 .6  gms. magnesium 
(2  gm .atom s) to  c o m p le te ly  d is s o lv e  th e  m agnesium . The 
• s o lu t io n  was f i l t e r e d  th ro u g h  g la s s  wool and 142 gms ( 1 gm mol) 
d i ls o b u t y l  k e to n e  w ere added s lo w ly , th e  s o lu t io n  b e in g  
s t i r r e d  c o n s ta n t ly  by a m ercury  s e a le d  s t i r r e r .  R e flu x  was 
c a r r i e d  o u t f o r  1 h o u r  a f t e r  a d d i t io n  o f  th e  k e to n e .  The r e s t  
o f  th e  t r e a tm e n t  was a s  i n  e x p e rim e n ts  (34) to  ( 4 4 ) .
The r e a c t io n  p ro d u c t was f r a c t i o n a t e d  a t  red u ce d  
p r e s s u r e  th ro u g h  a  12 in c h  column packed  w ith  s in g l e  t u r n  
Penske h e l i c e s  f i t t e d  w ith  a t o t a l - r e f l u x - v a r i a b l e - t a k e  o f f  
s t i l l  h e a d . The fo llo w in g  r e s u l t s  w ere o b ta in e d .
No. B .P . mm Hg 22 S d — gms.
1 3 8 .0 -3 8 .6 1 .0 1 .4 2 9 7 4 .0
2 3 8 .0 -3 8 .6 1 .0 1 .4298 4 .5
3 3 8 .0 -3 8 .6 1 .0 1 .4298 7 .0
4 5 8 .0 -5 8 .5 1 .0 1 .4299 5 .5 .
6 3 8 .5 -3 9 .0 1 .0 1 .4300 6 .0
6 3 9 .0 —3 9 .6 1 .0 1 .4 3 0 2 7 .0
7 3 9 .0 —3 9 .0 1 .0 1 .4305 4 .5
8 3 9 .0 -3 9 .0 . 1 .0 1 .4307 7 .0
9 3 9 .0 -3 9 .5  ' ‘ 1 .0 1 .4307 5 .0
10 3 9 .5 —4 0 .0 1 .0 1 .4307 8 .6
11 39 # 6 -4 0 .0 1 .0 1 .4309 6 .5 .
12 3 3 .0 —3 3 .5 0 .7 5 1 .4 3 0 9 6 .0
13 3 3 .5 -3 3 .7 0 .7 5 1 .4 3 0 9 5 .0
14 3 3 .5 -3 3 .7 0 .7 5 1 .4309 7 .0
15 3 3 .7 -3 4 .0 0 .7 5 1 .4 3 0 9 9 .0
16 3 3 .7 -3 4 .0 0 .7 5 1 .4 3 0 9 8 .5
17 3 4 .0 -3 4 .0 0 .7 5 1 .4 3 0 9 1 0 .0
18 3 4 .0 —3 4 .5 0 .7 5 1 .4 3 0 9 9 .0
19 3 4 .5 —3 6 .0 0 .7 6 1 .4 3 0 9 3 .0
20 32 . 5—3 3 .0 0 .5 0 1 .4 3 0 9 9 .0
21 3 3 .0 —3 3 .5 0 .5 0 1 .4 3 0 9 7 .5
22 3 3 .5 -3 4 .0 0 .7 6 1 .4309 7 .5
23 3 4 .0 -3 5 .5 0 .7 5 1 .4 3 0 9 3 .5
24
26
R esidue
T rap
1 .5
1 5 .0
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(46) The a z e o tro p e  from  E x p t*45
(&) P a r t  o f  th e  a z e o tro p e  was f r a c t i o n a t e d  a t
a tm o s p h e r ic 'p r e s s u re  th ro u g h  a 12 in c h  column packed  w ith  
Penske h e l i c e s  w ith  th e  fo llo w in g  r e s u l t ;
Wo. B..P.
1 180-160 1 .4261
2 160-166 1 .4290
3 166-170 1 .4 2 9 6  ,
4 170-170 1 .4299
5 170-172  1 .4299
6 172-173 1 .4500
7 173-175 1 .4302
8 175-179 1 .4504
9 179-180  1 .4304
( t )  Some o f  f r a c t i o n  (2) was m ixed w ith  an e q u a l
volume o f  p h e n y li s o o y an a te  and h e a te d  a t  100° f o r  one h o u r ,  
d u r in g  w hich much s o l i d  fo rm ed . A f te r  c o o l in g  th e  s o l i d  
was e x t r a c te d  w ith  100-120° p e tro le u m  e t h e r  and th e  f i l t r a t e  
was e v a p o ra te d . The w h ite  c r y s t a l l i n e  s o l i d  so  o b ta in e d  
was r e c r y s t a l l i s e d  from  p e tro le u m  e t h e r  and had  a  M.P. 152-155?
(o ) F r a c t io n  (2) was a l s o  t r e a t e d  w ith  2 j 4 - d i n i t r o -
p h en y lh y d razo n e  by  B ra d y 's  m ethod . Only th e  o r i g i n a l  
p h en y lh y d ra so n e  was o b ta in e d .
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(d ) D eh y d ra tio n  o f  th e  a z e o tro p e ;  p a r t  o f  th e
a z e o tro p e  was d i s t i l l e d  o v e r  n a p h th a le n e -2 - s u lp h o n ic  a c id ,  
s e p a ra te d  from  th e  w a te r  i n  th e  d i s t i l l a t e  and r e - d i s t i l l e d  
o v e r  f r e s h  c a t a l y s t .  The o l e f i n  o b ta in e d  was washed w i th  
10^ sodium  h y d ro x id e  and w a te r ,  and was th e n  d r ie d  o v e r 
ca lc iu m  c h l o r id e .  I t  was th e n  f r a c t i o n a t e d  th ro u g h  a 
12 in c h  column packed  w ith  P enske h e l i c e s  and f i t t e d  w ith  
a t o t a l  r e f l u x  v a r i a b le  ta k e  o f f  s t i l l  h e a d .
NO. i •B .P . ' gm
1 1 4 4 .0 -1 4 5 .0 0 .5 1 .4 2 0 5
2 1 4 4 .5 -1 4 5 .0 1 .0 1 .4 2 0 4
3 1 4 4 .5 -1 4 5 .0 1 .5 1 .4 2 0 4
4 1 4 5 .0 -1 4 5 .5 2 .0 1 .4 2 0 4
5 1 4 5 .5 -1 4 5 .5 2 .5 1 .4204
6 R esidue 1 .0 1 .4216
F r a c t io n s  (1 ) to  (5 ) w ere red u ced  in  g l a c i a l  a c e t i c  a c id  
s o lu t io n  by PtOg/Hg a t  t h r e e  a tm o sp h eres  p r e s s u r e .  From th e  
r e d u c t io n  was o b ta in e d th e  h y d ro c a rb o n  B .P . 145-146® 
np® 1 .4 0 7 5 .
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f
(47) The 2 j4 ;6 - t r lm e th y lh e p ta n o l - 4  p re p a re d  i n  th e
p re v io u s  e x p e rim e n ts  was b u lk ed  and  f r a c t i o n a t e d  th ro u g h  a  
45 cm V ig reu x  colum n. The amount o f  o a rb in o l  bu lk ed  was 
280 gm. B a ro m e tr ic  p r e s s u r e  was 752 Dm E g.
The ■"tops*^ c o n ta in in g  some w a te r  w ere s e t  a s id e  
o v e r anhydrous EagSO^.. The fo llo w in g  f r a c t i o n s  w ere th e n  
c o l l e c t e d ;  -
B .P . gms 18
(1) 178-179 2 9 .0 1 .4320
(2) 179-180 5 7 .5 1 .4 3 2 7
(5) 180-181 ' 4 7 .5 1 .4327
(4) 181-182 5 5 .5 1 .4330
(6) 182-185 1 9 .5 1 .4331
(6) 185-184 ' 1 5 .0 1 .4334
(7 ) 184-185 1 .4337
A ll d i s t i l l a t e s below  179 w ere d r ie d  o v e r  NagS04
f i l t e r e d ,  and th e n  f r a c t i o n a t e d  g iv in g ;
B .P . gms.
(8{ 175-176 2 .0 1 .4 2 9 4
(9) 176-177 5 .0 1 .4 3 0 5
(10) 1 77-178 ' 4 .6 1 .4312
(11) 178-178 4 .0 , 1 .4319
(12) 178-179 3 .5 1 .4 3 2 1
(15) 179-180 1 2 .0 1 .4 3 2 4
(14) 180-181 1 1 .0 1 .4329
(15) 181-182 7 .0 1 .4330
(16) 182-185 2 .0 1 .4331
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(48) D e h y d ra tio n : The o a r b in o l  was d e h y d ra te d  by
d i s t i l l i n g  from  a  f l a s k  c o n ta in in g  a sm a ll amount o f  
n a p h tâ a a le n e -2 -su lp h o n ic  a c id .  The p ro d u c t was r e d i s t i l l e d  
from  n a p h th a le n e -2 - s u lp h o n ic  a c id  u n t i l  no more w a te r  came 
o v e r  w ith  th e  d i s t i l l a t e .  F r a c t io n s  (2) to  (6) and (13) 
to  (16) w ere u s e d . The c ru d e  h e p te n e  o b ta in e d  was washed 
w ith  th r e e  tim e s  10JÉ NaOH and th r e e  tim e s  HgO to  remove 
s u lp h u r  and a c id ic  com pounds, d r ie d  o v e r  G&Clg, and 
f r a c t i o n a t e d  th ro u g h  an 8 i n .  D ufton  colum n. The amount 
o f  s t a r t i n g  m a te r i a l  was 142 gm. The d i s t i l l a t e  was 
c o l l e c te d  i n  wanrvill b u r e t t e  so t h a t  known volum es co u ld  be 
drawn o f f .  The t a b l e  A below  shows th e  r e s u l t s :
TABLE A-
B .P . m l. »D^
(1) 9 4 .0 -1 4 2 .4 5 1 .4 1 5 4
(2) 1 4 2 .4 -1 4 2 .6 5 1 .4206
(5) 1 4 2 .5 -1 4 3 .0 10 1 .4208
(4) 1 4 3 .0 -1 4 5 .5 10 1 .4208
(5) 1 4 3 .5 -1 4 3 .6 10 1 .4209
(6) 1 4 3 .6 -1 4 3 .9 10 1 .4209
(7) 1 4 3 .9 -1 4 4 .0 10 1 .4210
(8 ) 1 4 4 .0 -1 4 4 .2 10 1 .4210
(9 ) 1 4 4 .2 -1 4 4 .5 10 1 .4211
10) 1 4 4 .5 -1 4 4 .7 10 1 .4211
11) 1 4 4 .7 -1 4 4 .8 10 1 .4211
12) 1 4 4 .8 -1 4 5 .0 10 1 .4 2 1 1
13) 1 4 5 .0 -1 4 5 .0 10 1 .4210
14) 1 4 5 .0 -1 4 5 .1 10 1 .4211
16) 1 4 5 .1 -1 4 5 .5 10 1 .4211
16) 1 4 5 .5 -1 4 5 .6 10 1 .4211
17) 1 4 5 .6 -1 4 5 .8 11 1 .4 2 1 2
18) 1 4 5 .8 -1 4 6 .0 10 1 .4 2 1 2
19) 1 4 6 .0 -1 4 6 .0 5 1 .4 2 1 2
20) 1 4 6 .0 -1 4 6 .7 5 1 .4 2 1 3
21) 1 4 6 .7 -1 4 7 .5 5 1 .4219
22) 1 4 7 .5 -1 4 9 .0  . 3 1 .4221
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(49 ) R e d u c tio n  o f  2 ; 4 ; 6- t r lm e th y lh e p te n e - 2 . The h e p te n e  was 
red u ced  i n  g l a c i a l  a c e t i c  a c id  s o ln .  w ith  Adams PtOg c a t a l y s t  
and h yd rogen  u n d e r  p r e s s u r e .  When no f u r t h e r  f a l l  i n  
p r e s s u r e  was o b se rv e d , th e  c o n te n ts  o f  th e  h y d ro g e n a tio n  
b o t t l e  w ere f i l t e r e d  and n e u t r a l i z e d  w ith  50JÈ NaOH. The h y d ro ­
ca rb o n  l a y e r  was w ashed th r e e  tim e s  w ith  HgO and th e n  d r ie d  
o v e r  GaClg. T h is  p ro c e d u re  was re p e a te d  u n t i l  t e s t i n g  w ith  
a d i l u t e  s o ln .  o f  b rom ine in  c a r b o n te t r a c h lo r id e  showed no 
u n s a tu r a t i o n  p r e s e n t  i n  th e  h y d ro c a rb o n . F r a c t io n s  (5) to  
(19) w ere u s e d .
F r a c t io n s  (20 ) and (21 ) a f t e r  h y d ro g e n a tio n  had  
ng 1 .4 1 8 5  and w ere th e r e f o r e  e x t r a c te d  th r e e  tim e s  w ith  c o ld  
co n c . HgSO^, washed th r e e  tim e s  w ith  w a te r ,  and d r ie d  o v e r  
K2GO5 . ituch was l o s t  by e x t r a c t i o n  and th e  p ro d u c t had  
n |° 1 .4 S 7 5 .
(50) F r a c t io n a t io n  o f  2 :4 ;  6 - 1 rim e th y  Ih ep  t a n e . 107 gB. o f  th e  
h y d ro -c a rb o n  w ere f r a c t i o n a t e d  th ro u g h  an 8  i n .  D ufton  colum n. 
B a ro m e tr ic  p r e s s u r e  was 763 mm. T a b le  B shows th e  r e s u l t s  
o b ta in e d .  Each f r a c t i o n  i s  o f  5 m l.
No.
( 1 )
( 2)
(5)
(4)
( 6 ) 
( 6 )
(7)
( 8 ) 
(9)
( 10)
( 11)
( 12)
TBBLE B
, B .P . a E MO. B .P .
1 4 2 .1 -1 4 4 .1 (15) 1 4 6 .5 -1 4 5 .5
1 4 4 .1 -1 4 4 .5 1 .4 0 9 2 (14) 1 4 5 .5 -1 4 5 .6
1 4 4 .5 -1 4 4 .7 (18) 1 4 5 .6 -1 4 5 .9
1 4 4 .7 -1 4 4 .8 (16) 1 4 5 .9 -1 4 6 .0
1 4 4 .8 -1 4 5 .0 (17) 1 4 6 .0 -1 4 6 .1
1 4 5 .0 -1 4 5 .1 (IB ) 1 4 6 .1 -1 4 6 .2
1 4 5 .1 -1 4 5 .2 (19) 1 4 6 .2 -1 4 6 .3
1 4 5 .2 -1 4 5 .3 ( 2 0 ) 1 4 6 .3 -1 4 6 .4
1 4 5 .3 -1 4 5 .0 ( 2 1 ) 1 4 6 .4 -1 4 6 .5
1 4 5 .0 -1 4 5 .0 ( 2 2 ) 1 4 6 .5 -1 4 6 .7
1 4 5 .0 -1 4 5 .4 1 .4097 (23) 1 4 6 .7 -1 4 6 .8
1 4 5 .4 -1 4 5 .5
20
SD_
1 .4 1 0 0
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F r a c t io n a t io n  was s to p p e d  a t  f r a c t i o n  (26) s in c e  t h i s  
f r a c t i o n  showed s ig n s  o f  u n s a tu r a t i o n  when t e s t e d  w ith  
Brg/G Cl^ s o l u t i o n .  E x t r a c t io n  o f  f r a c t i o n  (26) w ith  c o ld  
co n c . H2SO4 gave a p ro d u c t w hich  a f t e r  w ash ing  emd d ry in g  
had  n | °  1 .4 1 5 3 .
20F u r th e r  r e d u c t io n  o f  th e  15 gm. r e s id u e ,  no  1*4104, 
gave a p ro d u c t n^^ 1 .4 0 8 0  show ing no s ig n s  o f  u n s a tu r a t io n  
when t e s t e d .  R e - re d u c tio n  o f  f r a c t i o n s  (1 ) to  (25) gave a 
p ro d u c t o f  n§^ 1 .4 0 7 5  s t i l l  show ing s ig n s  o f  u n s a tu r a t i o n .
A t h i r d  r e d u c t io n  gave a  p ro d u c t f r e e  from  u n s a tu r a t io n  
1 .4 0 6 9 .
The h y d ro ca rb o n  was r e  f r a c t i o n a t e d  a f t e r  r e  f lu x in g  
o v e r  sod ium , and was c o l le c te d  i n  5 ml p o r t i o n s .  R e s u l ts  
a r e  shown i n  T ab le  C.
TABLE C
No. B .P . 16»D No. B .P . 4 '
( 1 ) 1 4 2 .6 -1 4 4 .2 1 .4 0 8 2 (15) 1 4 6 .2 -1 4 6 .2 1*4089
( 2 ) 1 4 4 .2 -1 4 4 .0 1 .4081 (14) 1 4 6 .2 -1 4 6 .4 1 .4 0 8 8
(5 ) 1 4 4 .0 -1 4 4 .6 1 .4081 (15) 1 4 6 .4 -1 4 6 .6 1 .4 0 9 0
(4) 1 4 4 .6 -1 4 4 .8 1 .4084 (16) 1 4 6 .6 -1 4 6 .6 1 .4091
(5) 1 4 4 .8 -1 4 5 .0 1 .4 0 8 4 (17) 1 4 6 .6 -1 4 6 .8 1 .4090
( 6 ) 1 4 5 .0 -1 4 5 .2 1 .4 0 8 4 (18) 1 4 6 .8 -1 4 6 .9 1 .4090
(7) 1 4 5 .2 -1 4 5 .5 1 .4087 (19) 1 4 6 .9 -1 4 6 .9 1 .4091
( 8 ) 1 4 5 .3 -1 4 5 .5 1 .4087 ( 2 0 ) 1 4 6 .9 -1 4 7 .0 1 .4091
(9) 1 4 5 .5 -1 4 5 .8 1 .4087 ( 2 1 ) 1 4 7 .0 -1 4 7 .1 1 .4091
( 1 0 ) 1 4 5 .8 -1 4 5 .8 1 .4 0 8 8 ( 2 2 ) 1 4 7 .1 -1 4 7 .4 1 .4 0 9 2
( 1 1 ) 1 4 5 .8 -1 4 6 .0 1 .4088 (23) 1 4 7 .4 -1 4 7 .8 1 .4 0 9 5
( 1 2 ) 1 4 6 .0 -1 4 6 .2 1 .4089 (24) 1 4 7 .8 -1 4 8 .2 1 .4094
The h y d ro c a rb o n  was r e d i s t i l l e d  a f t e r  r e f lu x in g  
f o r  0*75 h o u r  o v e r  sod ium , th e  d i s t i l l a t e  b e in g  c o l l e c te d  
b etw een  144.6® and 147.4® . A f te r  s ta n d in g  o v e r  sodium
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o v e rn ig h t  th e  h y d ro c a rb o n  was f r a c t i o n a t e d  ag a in ^  and 
c o l l e c t e d  i n  5 ml p o r t i o n s .  R e s u l ts  a re  shown i n  T ab le  D.
TABLE D
No. B .P . Ho.
(1) 1 4 4 .4 -1 4 4 .7 1 .4 0 7 7 (11)
(2) 1 4 4 .7 -1 4 5 .0 1 .4 0 7 8 (12)
(3) 1 4 5 .0 -1 4 5 .2 1 .4079 (13)
(4) 1 4 5 .2 -1 4 5 .4 1 .4 0 8 0 (14)
(5) 1 4 5 .4 -1 4 5 .5 1 .4080 (16)
(6) 1 4 5 .5 -1 4 5 .6 1 .4080 (16)
(7) 1 4 5 .6 -1 4 6 .7 1 .4080 (17)
(8 ) 1 4 5 .7 -1 4 5 .9 1 .4080 (18)
(9 ) 1 4 5 .9 -1 4 6 .1 1 .4081 (19)
(10) 1 4 6 .1 -1 4 6 .0 1 .4081 (20)
B.P
146.0- 
146 .2 .
146 .4 .
146 .5 .
146.7-
146.8-
146.9-
147.0- 
147.2- 
147.4-
n
1 4 6 .2  
•146.4 
•146.5
1 4 6 .7
1 4 6 .8
1 4 6 .9  
1 4 7 .0
1 4 7 .2  
1 4 7 .4  
14 7 .8
1 7 .2 5
D
1 .4 0 8 1
1 .4 0 8 2
1 .4 0 8 2
1 .4 0 8 5
1 .4 0 8 5
1 .4 0 8 5
1 .4 0 8 5
1 .4 0 8 4
1 .4 0 8 4  
1 .4087
P’r a c t io n s  (4 ) and (19) w ere s e n t  f o r  i n f r a - r e d  
e x a m in a tio n .
222
from  M ethyl A c e ta te  R e a c tio n s  
The low b o i l i n g  l i q u i d s  from  E x p erim en ts  (36) to  
(44) w ere b u lk e d  and f r a c t i o n a t e d  th ro u g h  a 45 cm V ig reu x  
column i n t o  (A) l i q u i d s  below  119® (B) l i q u i d s  betw een  119-140?
(51) F r a c t io n a t io n  o f  (A )* An 8 i n .  D u fto n 'co lu m n  was u s e d . 
B a ro m e tr ic  p r e s s u r e  7 5 1 'mm Hg. F r a c t io n s  o f  th e  fo llo w in g  
B .P .8 w ere c o l l e c t e d .  ]
1) 77 -78  5) 113-114
2) 8 2 -9 2  ' 6) 114-118
3) 92-102  7) 118-128
4) 102-113 8) 128-130
F r a c t io n  (6 ) sm e lle d  o f  m e th y l i s o b u t y l  k e to n e .  The se m ic a r-
bazone p re p a re d  from  t h i s  f r a c t i o n  had  M.P. 133® and a  m ixed
M.P. w ith  th e  sem ica rb azo n e  o f  m e th y l is o b u t y l  k e to n e  o f  133®.
The B .P . o f  m e th y l i s o b u t y l  k e to n e  i s  115-116® .
F d . C 5 2 .9 5  H. 9 .3 3  H 2 6 .8
C a lc . C 5 3 .5 1  H. 9 .3 8  N 2 6 .7 5
(52) F r a c t io n a t io n  o f  (B) .  A 45 cm V ig reu x  column was u s e d . 
D i s t i l l a t e s  were c o l l e c t e d  a t  th e  fo l lo w in g  te m p e ra tu r e s ;
1) 89-115  5) 128-130
2) 115-118 6) 130-132
3) 118-127 7) 132-134
» 4) 127-128
F r a c t io n  (6 ) was s e le c te d  f o r  p r e p a r a t io n  o f  d e r i v a t i v e s .
The a c id  p h t h a l a t e ,  p u r i f i e d  by HaHSOg e x t r a c t i o n ,  
rem ained  alw ays as a  v is c o u s  l i q u i d .  The £ - to lu e n e - s u lp h o n a te  
and 3 ;5 - d in l t r o b e n z o a te  w ere p r e p a re d .
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METHYLISOBÜTYLCARBINOL-p -TOLÏÏENESIJLPHONATE
(53) A sm a ll amount o f  th e  o a rb in o l  was d is s o lv e d
i n  d ry  p y r id in e  and th e  e q u iv a le n t  aitK>unt o f  f r e s h ly
c r y s t a l l i z e d  £ - to lu e n e s u lp h o n y l c h lo r id e  was added i n  sm a ll
p o r t i o n s ,  each  p o r t io n  d i s s o lv in g  w ith  th e  e v o lu t io n  o f  h e a t .
Long n e e d le s  o f  p y r id in e  h y d ro a h lo r id e  s e p a r a te d  a f t e r
s ta n d in g  h a l f  an  h o u r .  The c o n te n ts  w ere poured  in to  d i l u t e
HCl and shaken  u n t i l  th e r e  was ho  lo n g e r  a sm e ll o f  p y r id in e .
A r e d d is h  o i l  s e p a r a te d  a t  th e  s u r f a c e , and c o lo u r le s s  cube
c r y s t a l s  ap p e a red  i n  th e  o i l  a f t e r  s ta n d in g  o v e r n ig h t .  The
l i q u i d  was d e c a n te d  from  th e  c r y s t a l s  w hich w ere th e n  d r ie d
on f i l t e r  p a p e r ,  and d is s o lv e d  i n  d ry  60-80® p e tro le u m  e t h e r .
T h is  s o lu t io n  was a llo w ed  to  c r y s t a l l i s e  a t  room te m p e ra tu re
g iv in g  f i n e  c o lo u r le s s  c r y s t a l s  o f  m ethyl ! s o b u t y l c a r b i n o l -
£ - to lu e n e s u lp h o n a te  M.P. 39-40® .
Pound C 6 0 .9  H 7 .2  S 1 2 .5
Reqj f o r  C 6 0 .9 6  H 7 .7 9  S 1 5 .0 9
G 1 3 H 2 0 O 3 8  ^
METHYLIS OBÜTYLCIAHBiyOL- 3 ; 5-DINITROBENZOATE
(54) A ttem p ts  to  p re p a re  t h i s  d e r i v a t i v e  from  3 :5 -
d ln i t r o b e n z o y l - c h lo r id e  i n  d ry  p y r id in e  s o lu t io n  gave o n ly  
. »
3 j5 - d in i t r o b e n z o ic  a c id .
The d e r iv a t iv e  was o b ta in e d  by warming a t
75-80® some o f  th e  o a rb in o l  added to  l e s s  th a n  th e  e q u iv a le n t
amount o f  3 : 5 - d i n i t r o b e n z o y l - c h lo r id e .  The m ix tu re  
s o l i d i f i e d  on s ta n d in g  o v e rn ig h t  and was lo o se n e d  w ith  60JÉ
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e th y l  a l c o h o l .  The s o l i d  so  o b ta in e d  was r e c r y s t a l l i z e d
/
from  605S e th y l  a lc o h o l  g iv in g  g l i s t e n i n g  s c a le s  o f  
m ethyl i s o b u ty lc a r b in o l - 5 { 5 - d in i t r o b e n z o a te  M .P, 6 0 .5 - 6 1 .5 ° .
Pd 0 .5 2 .4 7  H 5 .4  M. 9 .4 5
R eq. f o r  0 .5 2 .7  H. 5 .4  . R. 9 ,4 6
° 13^ 16° 6®2
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Id e n t if ic a t io n  o f Ketone C i (pJ^T)
A nalya lg
A n a ly s is  o f  some o f  th e  f r a c t i o n a t e d  h ig h  b o i l i n g
l i q u i d  o b ta in e d  I n  E x p erim en ts  (35) to (4 4 )  gave
Pound C 7 9 .3 0  H 1 2 .0 8  
GigHggO C alc  C 7 9 .1 4  H 1 2 .2 8
M o le c u la r  w e ig h t
(55) As i t  was n o t p o s s ib le  f o r  some w h ile  to  make a 
d e r i v a t i v e  o f  t h i s  k e to n e  i t s  m o le c u la r  w e ig h t was d e te rm in e d  
by c ry o s c o p ic  m ethod u s in g  b enzene a s  s o lv e n t .  A f te r  
d e te rrr tin in g  th e  c ry o s c o p ic  c o n s ta n t  f o r  th e  b enzene ( th e  
c o n s ta n t  g iv e n  by th e  u s u a l  a u t h o r i t i e s  v a r i e s  w ith  th e  
a u th o r i t y )  and d e te rm in in g  th e  M.wt f o r  t h r e e  c o n c e n tr a t io n s  
o f  k e to n e ,  a M .w t. o f  1 8 2 .4  was o b ta in e d  by e x t r a p o la t i o n  to  
z e ro  c o n c e n t r a t io n  . The M .w t. o f  C^gRggO i s  182 .
D e r iv a t iv e
(56) A ttem p ts  to  make a  sem ica rb azo n e  o f  t h i s  k e to n e  w ere 
u n s u c c e s s f u l ,  and a t  f i r s t  le d  to  th e  b e l i e f  t h a t  th e  by­
p ro d u c t was n o t k e to n ic .
By u s in g  B ra d y 's  m ethod , how ever, i t  was p o s s ib le  to
p re p a re  a 2 : 4 -d in i t ro p h e n y lh y d ra z o n e . T h is  rem ained as an  o i l
f o r  s e v e r a l  m onths b u t f i n a l l y  c r y s t a l l i s e d  from  100-120®
p e tro le u m  e t h e r ,  g iv in g  deep  c rim so n  p l a t e s  o f  2 i4 :8 - t r im e th y l -
n o n e n e - 4 - o n e - ^ :4 -d in i t ro p h e n y lh y d ra z o n e  M .P. 126-127® .
Found C 6 0 .0 3  H 7 .4 7  N 1 4 .8
Req; f o r  C 59 .6 8  H 7 .1 8  N 1 5 .4 7
GIBH26O4N4
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(56a) R e d u c tio n  o f  GigRggO.
The k e to n e  was red u ce d  by sh a k in g  i n  g l a c i a l  
a c e t i c  a c id  s o lu t io n  w ith  Adam's c a t a l y s t  and h y d ro g en  a t  
50 lb s  s q .  i n  f o r  12 h o u r s .  The p ro d u c t o b ta in e d  
a f t e r  f i l t e r i n g ,  s e p a r a t in g ,  w ash ing  w ith  sodium  h y d ro x id e , 
and w ith  w a te r ,  was d r ie d  and fra c tio n fib  ed u n d e r  red u ced  
p r e s s u r e  th ro u g h  a 12 in c h  colum n.
No. B .P . gm 4 =
1 78-81 0 .5 1 .4258
2 81-85 0 .5 1 .4290
5 85-86 5 .0 1 .4505
4 86-87 2 .0 1 .4 3 0 5
5 86-87 5 .0 1 .4 3 0 6
6 86-87 5 .5 1 .4307
7 86-87 5 .5 1 .4307
8 . 87-89 5 .0 1 .4308
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IS OBUTYL BROMIDE
(67) A d e s c r i p t i o n  o f  th e  d i f f i c u l t i e s  expeM enoed  w ith
th e  p r e p a r a t io n  o f  i s o b u t y l  b rom ide i s  In c lu d e d  s in c e ,
a lth o u g h  th e  change o f  is o b u t y l  b rom ide to  i t s  t e r t i a r y  iso m er
CHj, GH5 . CH«
'  OHQHpBr ^  ^GssCHg+• HBr "^C BrC H - 
OBs-^ ^  O B ," :
h a s  lo n g  b een  known, i t  i s  f e l t  t h a t  many r e s e a r c h  w o rk e rs
s t a r t  w ith  th e  u s e  o f  i s o b u t y l  brom ide i n  v iew  w ith o u t
know ing th e  d i f f i c u l t i e s  to  be e n c o u n te re d ; and t h a t  s in c e
t h i s  b rom ide p r e s e n te d  such  an  o b s ta c le  i n  t h i s  w ork , th e r e
sh o u ld  be re c o rd e d  a d e s c r i p t i o n  (f th e  a t te m p ts  to  overcom e
i t .
The first intixMition of these difficulties woe given
on a t t m p t i n g  to  d i s t i l  a  500 gm. p u rc h a s e  o f  th e  b ro m id e .
o
Slow d i s t i l l a t i o n  gave a to p  d i s t i l l a t e  betw een  7 6 .1  and 
8 5 .1 ® / 760 mm., and when d i s t i l l a t i o n  was c o n tin u e d  n e x t 
day  a  p ro d u c t b o i l i n g  betw een  86.1®  and 93.1® was o b ta in e d .
The d i s t i l l a t e  b o i l i n g  betw een  86.1® and 92.1® was 
th e r e f o r e  r e - f r a c t i o n a t e d .  The colum n u se d  was o f  th e  
Widmer ty p e ,  la g g e d  w ith  c o t to n  wool and c a r e f u l l y  s c re e n e d  
from  d r a u g h ts .  A th e rm o m ete r r e a d in g  0.2® d iv i s i o n s  was 
u se d  and v iew ed w ith  a  l e n s .  The d i s t i l l a t e  was c o l l e c t e d  
i n  20 m l. p o r t io n s  e x c e p t f o r  th e  f i r s t  10 m l . ,  and th e  
fo llo w in g  r e s u l t s  w ere o b ta in e d ;
BB8
 ^ N O s B.F. N O . B.P*
1 B4.5-84.6 a 87.1-81.1
2 84.6-84*6 9 81.1-88.8
5 84*6-85*1 10 B8.8-9CU1
4 85.1-86*5 11 90.1-90.7
5 85.6-86.6 12 90.7-91.3
6 85.6-86.3 13 «1.3-91.7
7 86.3-07.1 14 91.7-92.2
Indloafcing that In the steady r ise  o f temperature the range 
o f boiling point o f aa<& Sc mis. was deereaslng as the 
boiling point Inoremsed, so that the d is t i l la t io n  of the 
iso  bromide was quioker th a n  the change to the tertiary  
A quicker rate o f d is t i l la t io n  was therefore  
decided on. Fractions 11 IS IS 14 were shaken twice wltdi 
warm water to remove tertiary  bromide, and dried with daclg. 
do mis. o f  the bromide were used for fractionation In the 
same apparatus and within 16 mine. 60 mis. were co llected  
with the following resu lts:
Vol. o f  d is t i l la t e  B.P. giasr---------
so mis 91.1
SO mis 91.4
40 mis 91.7
60 mis 92.0
The d is t i l la t e  was returned to the flask  and the d is t i l la t io n
repeated:
Vol. o f  d is t i l la t e  B.P.
'6' mis 6c «1
20 mis 91.1
SB mis 91.6
46 rals 91.8
, 63 mis 92.1
These figures Stowed that a fa ir ly  rapid d is t i l la t io n  o f the
bromide gave a d is t i l la t e  whidh hiMl vndergone l i t t l e ,  i f
any. Isomérisation. I t  was doeided therefore to prepare
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some I so b u t y l  b rom ide by th e  q u ic k e s t  a v a i l a b l e  m ethod and 
compare i t s  p r o p e r t i e s  w ith  th o s e  o f  orom m ercially ’’p u re ” 
b ro m id e . The method o f  p r e p a r a t io n  was a s  in d ic a te d  by th e  
scheme b e lo w ,
^ * ^ C H C H g O H  +  H B T  ^ ’ ^ C H C H g B P
O H , "  O H , ^  -
u s in g  c o n s ta n t  b o i l i n g  h yd rob rom ic  a c id  (4 7 -4 8 ^ ) ,
P r e p a r a t io n s  u s in g  H ydrobrom ic A cid
The r e a g e n ts  w ere m ixed by ad d in g  th e  hydrobrom ic  
a c id  to  th e  is o b u t y l  a l c o h o l ,  and th e n  ad d in g  th e  s u lp h u r ic  
a c id  i n  a s te a d y  s tr e a m , th e  s o lu t io n  b e in g  k e p t  co o l u n d e r  
ru n n in g  w a te r .  The w hole was th e n  r e  f lu x e d  o v e r  a b u r n e r .  
R e flu x  was s to p p e d  each  h o u r  and th e  d a rk  b rom ide w hich had 
s e p a r a te d  was rem oved and steam  d i s t i l l e d  g iv in g  a  c o lo u r le s s  
p r o d u c t .  The steam  d i s t i l l a t e  was th e n  s e p a r a te d  and 
e x t r a c te d  w ith  co n c . s u lp h u r ic  a c id ,  a p ro c e d u re  w hich was 
d i f f i c u l t  owing to  em u ls io n  fo rm a tio n , and a p p a re n t ly  n e v e r  
e n d in g , s in c e  even a f t e r  th e  f i f t h  e x t r a c t i o n  th e  a c id  was 
s t i l l  c o lo u re d  brown a n d sm e llin g  o f  s u lp h u r  d io x id e .  The n e x t  
two s t a g e s ,  w ash ing  w ith  10^ sodium  c a rb o n a te  s o ln ,  and w ith  
w a te r ,  w ere a l s o  made d i f f i c u l t  by é m u l s i f i c a t i o n .  A f te r  
d ry in g  o v e r  CaClg f o r  12 h o u rs  some o f  th e  brom ide was 
f r a c t i o n a l l y  d i s t i l l e d  a t  775 rm Hg th ro u g h  an 8 i n ,  D ufton  
colum n, g iv in g  a sm a ll d i s t i l l a t e  betw een  89-90,5®  and th e  
m a jo r  p o r t io n  betw een  90,6® and 95®, No HBr was n o t ic e d  
d u r in g  t h i s  second  d i s t i l l a t i o n .
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I t  was a p p a re n t ,  t h e r e f o r e ,  t h a t  p r e p a r a t io n  o f  
i s o b u t y l  b rom ide i n  t h i s  way would g iv e  a p ro d u c t w hich co u ld  
r e a s o n a b ly  be c a l l e d  u s a b le . T rea tm en t o f  50 gm# p o r t io n s  
o f  t h i s  brom ide and s i m i l a r  t r e a tm e n t  o f  th e  co m m erc ia lly  
•^pure* brom ide showed th e  fo rm er to  be  o f  a b e t t e r  c o n d i t io n .  
Some o f  t h i s  b o i l i n g  betw een  91-95® was r e f lu x e d  f o r  5 h o u rs  
i n  a  C o t t r e l l  pump and showed a c o n s ta n t  b o i l i n g  p o in t  o f  
92.5® th e  whole t im e .
On th e  s t r e n g th  o f  th e s e  o b s e rv a t io n s  i t  was d e c id e d  
t h a t  th e  h ig l ie r  b o i l i n g  f r a c t i o n  o f  th e  b rom ide p re p a re d  by 
th e  HBr m ethod was s u i t a b l e  f o r  u se  i n  th e  G rig n a rd  r e a c t io n s  
f o r  th e  p r e p a r a t io n  o f  t e r t i a r y  c a r b i n o l s .  The re a s o n s  f o r  
t h i s  w ere ; (1 ) th e  o n ly  l i k e l y  im p u r i t i e s  w ere t e r t i a r y  
b u ty l  brom ide and unchanged a l c o h o l .  (2 ) A cid e x t r a c t io n  
sh o u ld  remove th e  a lc o h o l  as  w e ll  a s  any o l e f i n s  o r  u n s a tu r a te d  
compounds fo rm ed , w h i l s t  s team  d i s t i l l a t i o n  sh o u ld  remove th e  
t e r t i a r y  b ro m id e .
Some more b rom ide was p re p a re d  as d e s c r ib e d ,  
e x t r a c t i n g  th e  brown c ru d e  brom ide w ith  co n c . s u lp h u r ic  a c id  
t h r e e  t im e s ,  s team  d i s t i l l i n g  and th e n  f r a c t i o n a t i n g  a t  o r d in a ry  
p r e s s u r e .  550 gm. o f  th e  b rom ide so p re p a re d  w ere sh ak en  w ith  
500 mJLs. w a te r  f o r  7 h o u r s ,  a f t e r  w h ich  th e  aqueous l a y e r  
was t i t r a t e d  w ith  s ta n d a rd  a l k a l i ,  and from  th e  t i t r a t i o n  
th e  amount o f  t e r t i a r y  b rom ide i n  th e  p ro d u c t was c a lc u l a te d  
as  0 .7 ^ .
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Preparations u sin g  FBqi
T hese fo llo w ed  th e  m ethod g iv e n  i n  O rgan ic  
S y n th e se s  C o l l .  V o l . I I ,  5 5 8 , b u t  some s l i g h t  m o d if ic a t io n s  
w ere made i n  th e  te c h n iq u e .  The m ethod g iv e n  i n  O rgan ic  
S y n th e se s  i s  i t s e l f  a  m o d if ic a t io n  o f  th e  m ethod o f  p r e ­
p a r in g  o y c lo p e n ty l  b rom ide i n  w hich  th e  b rom ide i s  l i b e r a t e d  
a f t e r  r e a c t io n  betw een  th e  o y c lo p e n ty l  a lc o h o l  and PBrg by 
p o u r in g  i n t o  w a te r .  T h e re fo re  i n  th e  f i r s t  p r e p a r a t io n  o f  
i s o b u t y l  b rom ide t h i s  p ro c e d u re  was ad o p ted  in s t e a d  o f  
vacuum d i s t i l l i n g  th e  b rom ide from  th e  r e a c t i o n  m ix tu re  as  
d i r e c t e d  i n  O rgan ic  S y n th e s e s . A cid  e x t r a c t i o n  o f  th e  
brom ide l a y e r  so o b ta in e d  was v e ry  d i f f i c u l t  s in c e  th e  s t ro n g  
em u ls io n  form ed co u ld  be s e p a r a te d  o n ly  by u s in g  a l a r g e  
e x c e s s  o f  s u lp h u r ic  a c id .  The p ro d u c t how ever y ie ld e d  v e ry  
l i t t l e  low b o i l i n g  l i q u i d  when f r a c t i o n a t e d  th ro u g h  a 45 cm. 
V ig reu x  colum n, and gave a 505? y i e l d  o f  i s o b u t y l  b rom ide 
b o i l i n g  betw een  90.5® and 95®.
At t h i s  s ta g e  i t  was d e c id e d  to  se e  w h e th e r  a  
s y n th e t i c  m ix tu re  o f  i s o b u t y l  and t e r t - b u t y l  b rom ides co u ld  
be s e p a ra te d  by f r a c t i o n a t i o n  w ith  th e  a p p a ra tu s  a v a i l a b l e .  
Some t e r t - b u ty l  b rom ide was p re p a re d  from  th e  p u re  
c r y s t a l l i z e d  a lc o h o l  and c o n s ta n t  b o i l i n g  hydrobrom ic  a c id ,  
and a f t e r  f r a c t i o n a t i o n  and d ry in g  o v e r  CaClg f o r  24 h o u r s ,  
a m ix tu re  was made c o n ta in in g  18 gms. o f  th e  t e r t i a r y  and 
50 gms. o f  th e  i s o  b ro m id e s , th e  l a t t e r  b e in g  some o f  t h a t  
p re p a re d  w ith  PBrg. F r a c t io n a t io n  th ro u g h  an 8 i n .  D ufton
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column showed t h a t  th e  s e p a r a t io n  o f  th e s e  b rom ides w ith  
t h i s  a p p a ra tu s  was n o t e f f i c i e n t ,  th e  fo llo w in g  d i s t i l l a t e s  
b e in g  o b ta in e d Î
(1) 7 6 .0 -8 2 .0 3 .0 gm. d is c o lo u re d
(2 ) a s . 0 -8 3 .0 5 .0 gm. R
(S) 8 3 .0 —8 6 .0 1 3 .5 gm. c o lo u r le s s
(4) 8 6 .0 -8 9 .0 1 4 .0 gm.
(5) 8 9 .0 -9 0 .5 1 3 .0 gm.
(6 ) 9 0 .5 -9 1 .0 1 2 .5 gm.
(7 ) R esid u e 4 .0 gm.
F r a c t io n s  (2) and (3) w ere each  shaken  w ith  50 m is . w a te r  
and e s t im a t io n  o f  th e  HBr i n  th e  w a te r  showed th e s e  f r a c t i o n s  
to  c o n ta in  5.6JÉ and 2 .6 ^  t e r t i a r y  brom ide r e s p e c t i v e l y .
I s o b u ty l  b rom ide was p re p a re d  i n  a l l  e le v e n  tim e s  
by th e  FBr^ m ethod . Of s ix  p r e p a r a t io n s  i n  w hich  th e  
p ro c e d u re  g iv e n  i n  o rg a n ic  S y n th e se s  was fo l lo w e d , y i e ld s  
betw een  28^ and w ere o b ta in e d  o f  b rom ide b o i l i n g  betw een  
90^ and 93^ . I t  was n o t ic e d  t h a t  v e ry  r a p id  s t i r r i n g  o f  th e  
a lc o h o l  a llo w ed  a q u ic k  r a t e  o f  a d d i t io n  o f  th e  PBr^ w ith o u t 
c a u s in g  much r i s e  i n  te m p e ra tu r e ,  and th e r e f o r e  one p r e ­
p a r a t io n  was t r i e d  i n  w hich PBr$ was added i n  an a lm o st 
c o n t in u a l  s tre a m  w h i l s t  r e a c t a n t s  w ere s t i r r e d  v e ry  r a p i d ly .  
Much more HBr came o f f  d u r in g  th e  vacuum d i s t i l l a t i o n  o f  th e  
r e a c t i o n  m ix tu re ,  b u t f r a c t i o n a t i o n  a t  a tm o sp h e ric  p r e s s u r e  
gave a 45^ y i e l d  o f  th e  brom ide b o i l i n g  betw een  90^ and 9 5 ^ . 
S in ce  th e  m ethod o f  c o o l in g  w ith  ic e  and s a l t  was m essy and 
needed c o n s ta n t  a t t e n t i o n ,  a n o th e r  ex p e rim en t was t r i e d  i n  
w hich th e  r e f r i g e r a n t  was e th y l  a lco h o l/C O g , and th e  tem p er­
a tu r e  o f  th e  r e a c t io n  m ix tu re  was m a in ta in e d  betw een  -2 5 ^ and
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An e x c e ss  o f  PBr^ was a l s o  used  i n  t h i s  ex p e rim en t am ounting  
to  2b% o f  t h a t  recommended by O rgan ic  S y n th eses#  , The 
te m p e ra tu re  o f  th e  r e a c t i o n  m ix tu re  r o s e  to  35^ some w h ile  
a f t e r  th e  a d d i t io n  o f  th e  PBr^# The y i e l d  o f  i s o b u t y l  
brom ide from  t h i s  ex p e rim en t was 61^ B .P . 8 9 .9 -9 3 # 0 ° .
In  th e  c o u rse  o f  th e s e  p r e p a r a t io n s  th e  fo llo w in g  
p o in t s  w ere n o t ic e a b le #  (1 ) th e  y i e l d  o f  i s o b u t y l  b rom ide
i s  v e ry  v a r i a b l e .  (2 )  v e ry  e f f i c i e n t  c o o l in g  t r a p s  a r e
. . -
n e c e s s a ry  i n  th e  vacuum d i s t i l l a t i o n  to  m in im ise  l o s s e s ,
: ! ’ r
(5) a lo n g  p e r io d  sh o u ld  be a llo w ed  f o r  th e  s u lp h u r ic  a c id
to  d r a in  from  th e  l a s t  e x t r a c t i o n  o f  th e  vacuum d i s t i l l a t e .
I t  was n o t ic e d  t h a t  a  f i n e  su sp e n s io n  o f  a c id  was u s u a l ly
form ed w hich  r e q u i r e d  a t  l e a s t  a day to  s e p a r a te .
(4 ) HBr was u s u a l ly  ev o lv ed  d u r in g  f r a c t i o n a t i o n ,  more so
i n  th e  l a t e r  e x p e rim e n ts  th a n  i n  th e  e a r l i e r .
2S4
( a) On th e  s y n th e s is  o f 2 : 3 : 5 - t r im e th y lh e x a n o l-3
E x p erim en ts  (58) to  (71) d ea l w ith  th e  th r e e
s y n th e s e s  u s e d  ( i . e . )
(58) to (6 9 )  The i n t e r a c t i o n  o f  m ethy l iso b u t y l  k e to n e  
and inopropylm agneeium  b ro m id e .
(70) . The i n t e r a c t i o n  o f  m ethy l is o p ro p y l k e to n e
and iso b u ty lm ag n esiu m  b ro m id e .
(71) The i n t e r a c t i o n  o f  is o p ro p y l iso b u t y l  k e to n e
and m éthylm agnésium  b ro m id e .
(B) On th e  d e h y d ra t io n  o f 2 :3 :5 - tr iK ie th y lh e x a n o l« 3  and 
su b seq u en t p r e p a r a t io n  o f • 3 :3 :5 - tr im s th y lh e x a n e .
E x p erim en ts  (72) to  (74)
(O) On th e  u s e  o f cadmium d ia lk y l  a .
E x p erim en ts  (75) to  (79)
(D) On th e  p r e p a r a t io n  o f  m ethy l iso b u t y l  k e to n e .
E x p erim en ts  (80) t o  (88)
(E) M is c e lla n e o u s  In te r m e d ia te s  (N o tes)
Pages Z64 and ^65
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e x p e r i m e n t a l
2 : 3 :5 - t r im e th y lh e x a n o l- 3
In  th e  fo l lo w in g  e x p e r im e n ts , u n le s s  o th e rw is e  s t a t e d ,  
th e  G rig n a rd  s o lu t io n  was p re p a re d  and d e c a n te d  from  e x c e ss  o r  
u n d is s o lv e d  magnesium th ro u g h  g la s s  wool in to  a  two l i t r e  
f l a s k  f i t t e d  w ith  a  s t i r r e r ,  two r e f l u x  c o n d e n se rs , and a  
d ro p p in g  f u n n e l .  The r e q u i s i t e  k e to n e  was th e n  added s lo w ly  
w ith  c o n tin u o u s  s t i r r i n g .  A f te r  th e  a d d i t io n  was co m p le te  th e  
s o lu t io n  was r e f lu x e d  f o r  a  d e te rm in ed  t im e . When co o l th e  
s o lu t io n  was pou red  o n to  c ru sh e d  ic e ,  d is s o lv e d  o u t w ith  
c o n c e n tr a te d  HCl, and e x t r a c t e d  tw ic e  w ith  e t h e r .  The 
com bined e th e r  s o lu t io n s  were washed tw ic e  w ith  20yo sodium 
c h lo r id e ,  tw ic e  w ith  30;& sodium  h y d ro x id e , tw ic e  w ith  w a te r , 
and th e n  d r ie d  over p o ta ss iu m  c a rb o n a te . The e t h e r  was 
th e n  rem oved th ro u g h  an  8 inch  D ufton  colum n, and th e  r e s id u e  
t r e a t e d  as  d e s c r ib e d  in  th e  s e p a r a te  e x p e r im e n ts .
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IsopropylEqiBr on Methyl iaobutvl ketone
(58 ) R eag en ts  n eed  R e flu x
lo o p ro p v l b rom ide 300 gm (1 ,6 3  mol) 1 .0  h o u r
Magnes iuiB ' 93 gm
E th e r  1000 ml
M ethyl iso b u t y l  k e to n e  83 gm (0 ,8 2  m ol)
A d d itio n  o f th e  k e to n e  was ao co » ^an ied  by a  b r i s k  r e a c t io n  
w hich slow ed down when ab o u t h a l f  th e  k e to n e  had been  added* 
The r e a c t i o n  p ro d u c t was d i s t i l l e d  in  v acuo  be tw een  
26-148 59 mm Hg, A ttem pted  f r a c t i o n  a t io n  o f th e  d i s t i l l a t e
a t a tm o sp h e r ic  p r e s s u r e  was accom panied by  much c ra c k in g , and 
th e  d r i e d  p ro d u c t was th e r e f o r e  ^ d i s t i l l e d  a t a  p r e s s u r e  of 
34-37  mm. and c o l l e c te d  in  tw o i f a r t s
(a> b e lo *  lOQO o o lo L r le a e  35 gm 1 .4 3 3 0
(b) b e t j e e n  100-1400 p a l e 'y e l lo w  30 gm ri*? 1 .4451
F r a c t io n a t io n  o f  (a )  a t atm oaphejric p r e s s u r e  th ro u g h  an  8 in ch  
D ufton  column gave
No. BtP,, n il. np
1 132 5
3 132-1.65 4 1 ,4 3 7 6
3 165-167 5 1 .4318
4 167-168 5 1 .4 3 3 3
5 168-168 5 1 .4 3 3 1
6 168-185 4 1.4311
F r a c t io n a t io n  o f ( b ) ,  same colum n, was accom panied by mudti 
c r a c k in g  and g av e :
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Ko
7
8 
S
10
11
12
13
14
15
16
110-121  
116-119 
119-165 
169-179 
179-199 
199-217 
217-318 
318-219
219-220
220-221
ml
6
2
2
2
2
3
4 
8 
4 
4
n
1 .4 5 0 2
1 .4 5 1 2
1 .4518
1 .4 5 2 0
c o n ta in in g  w a te r ;  sm e ll 
MeCOiooBu s m e llin g  of 
Me. CO. isoB u.
p a le  y e llo w  
p a le  y e llo w  
p a le  y e llo w  
p a l e  y e llo w
(59) R eag en ts  u se d
Is o p ro p y l brom ide
Magnesium
E th e r
492 m (4 m ol)
98 gm (4 m ol)
2000 ml
100 gm (1 m ol)
R e f lu x  
1 .0  h o u r
R e a c tio n  b r ia k  th ro u g h o u t th e  a d d i t io n .  The f i r s t  vacuum 
d i s t i l l a t e  came over m a in ly  a t  7 3 -1 4 0 ^ /3 4  mm Hg. The f i r s t  
a tm o sp h e r ic  p r e s s u r e  d i s t i l l a t i o n  was aocoaapanied by much 
c ra c k in g  and was t h e r e f o r e  s to p p e d , and th e  l i q u i d s  d r ie d  w ith  
sodium  s u lp h a te .  The second  vacuum d i s t i l l a t i o n  was a t 
54 mm Hg. and th e  d i s t i l l a t e s  were c o l l e c t e d  a t  th e  fo l lo w in g  
te m p e ra tu re s :
110 1 .4 3 1 8 c o lo u r le s s
110-120 nS 1 .4428 f a i n t l y  y e llo w
118-140 n^ 1 ;4496 p a le  y e llo w
(60) Reagreats u se d
450 gm (3 . 
(3 .
66 mol 
5 mol
la o p ro o v l brom ide 
M a ^ e a iw i 85  gm
■ E th e r  2000 ml
M ethyl is o b u ty l  k e to n e  100 gm ( l .O  m ol)
R e f lu x  
2 .0  h o u rs
The r e a c t i o n  p ro d u c t  was s e p a ra te d  u n d e r re d u ce d  p r e s s u r e  in to
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( a )  below  1 2 0 ^ /3 5  urn Hg . c o lo u r l e s s
(b ) be tw een  1 0 0 -1 5 0 ^ /3 0  mm Hg p a le  y e llo w
B oth  f r a c t i o n s  c o n ta in e d  a  sm all amount o f  w a te r . F r a c t io n  
(b ) was d r ie d  w ith  p o ta s s iu m  c a rb o n a te  and f r a c t i o n a t e d  
t h r o u ^  an 8" D ufton  colum n, g iv in g  a f t e r  c ra c k in g :
No. B .P . n  >
1
2
87-170
170-212
3 212-213 1 ,4469 (d r ie d
4 212-214 1 ,4 4 7 5 ( d r i e d
5 214-215 1 ,4 4 8 3 ( d r ie d
6 215-216 1 ,4 4 9 2 ( d r ie d
7 216.217 1 ,4501 ( d r le d
8 . 217-218 1 ,4509
c o n ta in in g  w a te r  
t u r b i d ,  p a le  y e llo w  
t u r b i d ,  p a le  y e llo w  
t u r b id ,  p a le  y e llo w  
t u r b i d ,  p a le  y e llo w  
t u r b i d ,  p a le  y e llo w  
t u r b i d ,  p a le  y e llo w  
p a le  y e llo w
(6 1 ) R eag en ts  u s e d
is o p r o p y l  brom ide 193 gm ( l . 54 mol)
Magnesium 38 gm (1 ,1 6  mol)
E th e r  800 ml
M ethyl i s o b u ty l  k e to n e  100 gm (1*0 m ol)
R e flu x  
1 ,0  h o u r
The r e a c t i o n  p ro d u c t w eighed 119 gm and was s e p a ra te d  a t  
36 mm Hg in to
F r a c t io n a t io n  o f  (a ) a t . 757 ram Hg gave
>•!
below  103° 50 gm c l  c u r l  e s s
betw een  103-1460 50 gm p a le  y e llo w
I
No,
1
2
3
4
5
6 
7
B .P .
88-134
134-129
139-131
131-158
158-163
161-163
163-219
m x .
2 , 0
2 .5
3 .0
2 .5
5 .0  
2 2 ,5
4 .5
iSUD
1 ,4 3 1 2
F r a c t io n a t io n  o f (b) a t  757 mm Hg gave
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No. B .P . m
8 109
9 109-110 1 3 ,0
10 110-212 3 ,0
11 212-216 2 ,0
12 216-217 1 .5
13 217-219 3 .5
14 219-220 1 3 ,0
iS;jî
c o n ta in In g  w a te r  
c o n ta in in g  w ate r 
c o n ta in in g  w a te r
The sem i c a r  bazone p re p a re d  from  f r a c t i o n  (9) h ad  a  1 3 2 .5 ° .
Found; C 53 .0 3  H 9 .3 2  H 2 6 .0
Req; C 53 .5 1  H 9 .5 5  N 3 6 ,7
(62) R e ag en ts  u se d  R e flu x
la o p ro u v l feromide 316 gm (2 ,5 7  m ol) 1 hour
Magnesium 56 gm ( 2 .3  m ol)
E th e r  1700 ml
M ethyl iso b u t v l  k e to n e  100 gm ( l .O  m ol)
The r e a c t i o n  p ro d u c t was s e p a ra te d  u n d e r  re d u c e d  p r e s s u r e  by
Eon t r i a n g l e  d i s t i l l a t i o n  in to  ( a )  below  103 /2 5  mm Hg
(b ) 103-140  /2 6  mm Hg, P o r t io n  (b )  was w et, and was d r ie d  by
f i t r a t i c n  t h r o u ^  p o ta s s iu m  c a rb o n a te ,
F ra c t  io n a t  io n  of ( a) a t  757 mm Hg
No, B .P . a
1 73-120 2 ,0
3 130-127 3 .6
3 127-127 3 ,0
4 127-155 3 .5
5 155-158 9 .0
6 158-161 1 .5 1 ,4308
7 161-164 9 5 .0 1 .4 3 2 9
8 1 64-165 3 ,0 1 ,4 3 2 2
9 164-166 1 .0
10 166-217 6 ,0
F r a c t io n a t io n  o f (b) a t  757 mi Hg
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No, B .P . n l
11 8 7 -8 9 5 ,0
12 89-110 1 .5
13 88-110 2 .5
14 110-210 5 .0
15 210-217 7 .0
16 217-219 3 .0
17 218-219 3 .0 1 .4 5 0 3
18 218-221 1 2 .0 1 .4517
19 319-230 4 .0 1 .4 5 1 3
(63) ReaP:ent8 u se d  R e flu x
la o p ro p y l b rom ide 316 gm (2 ,5 7  m ol) 1 ,0  h o u r
Magnesium 56 gm ( 2 ,3  mol)
E th e r  1700 ml
M ethyl iao b u t y l  k e to n e  100 gm (1 ,0  m ol)
The k e to n e  was added as  a  20^ s o lu t io n  in  an liyd rous e th e r .
The r e a c t io n  p ro d u c t w eighed 120 gm and was s e p a ra te d  u n d e r
re d u c e d  p r e s s u r e  in to
!bi below  105° 61 gm c o n ta in in g  1 ml w a te rbetw een  105-140° 53 gm c o n ta in in g  2 ml w a te r
B oth (a )  and (b) were d r ie d  w ith  p o ta s s iu m  c a rb o n a te .
F r a c t io n a t io n  o f ( a )  a t a tm o sp h e r ic  p r e s s u r e  gave
igS"No. . B .P . gm UP Ho. B .P . gm BLZ
1 74-&26 5 .0 6 160-161 1 .0 1 .4316
2 126-136 1 .5 7 161-165 2 3 .5 1 .4 3 2 2
3 136-146 2 .0 8 161-168 2 .0 1 .4 3 2 1
4 146-156 2 ,0 9 160-316 4 .0
5 156-160 1 .0 1 .4 3 0 9 10 216-218 3 ,0 1 .4 5 1 2
F r a c t io n a t io n  of (b) a t a tm o sp h e r ic  p r e s s u r e  gave
11 86 4 .0 (w et) 15 217-218 7 .0 1 .4486
12 86-210 3 .0 ( wet ) 16 218-219 9 .0 1 ,4493
13
14
210-215
315-217
3 .5
3 .5 1 .4 4 8 2
17 218-219 7 .0 1 ,4 5 0 7
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The sem icaxbazone p re p a re d  from  (11) h ad  a  M.P. 1 3 2 .5 0
Found;
Req;
C 53 .15  
53,51
H 9 .4 3  
H 9 ,5 5
26 ,1
2 6 .7
(64) Reaæ ente uaed
Iso p ro p v l  brom ide 173 gm (1 .4  mol)
Magneeium 28 gm (1 .1 6  m ol)
E th e r  1000 ml
M ethyl iao b u t y l  k e to n e  50 gm ( 0 ,5  mol)
R e flu x  
1 .0  hou r
The G rig n a rd  s o lu t io n  was d e c a n te d  in to  a  d ro p p in g  fu n n e l 
f i t t e d  w ith  a  soda lim e  tu b e  and th e  s o lu t io n  was ru n  s lo w ly  
in to  a  s o lu t io n  o f th e  k e to n e  in  500 ml e t h e r .  R e a c tio n  
a p p e a re d  to  c e a se  a f t e r  h a l f  th e  G rig n a rd  h ad  b een  added . The 
r e a c t i o n  p ro d u c t w eighed 68 gm and was s e p a ra te d  u n d e r  reduced  
p r e s s u r e  in to
(a )  below  105°
(b) • above 105°
23 m
23 gm
B oth  (a )  and (b) c o n ta in e d  a  sm all amount o f w a te r  and were 
d r i e d  w ith  p o ta s s iu m  c a rb o n a te .  D i s t i l l a t i o n  o f (a )  gave
1 159°
2 ' 159-167°
5*0 gm 
12*5 gm
(65) R eag en ts  u s ed
Is o p ro p y l brom ide 310 goi ( 2 .5  m ol)
Magnesium 56 gm (2 .3  mol)
E th e r  1000 ml
M ethyl iao b u t y l  k e to n e  100 gm ( l .O  mol)
R e flu x  
6 h o u rs
The r e a c t i o n  p ro d u c t was s e p a ra te d  u n d e r red u ced  p r e s s u r e  
in t  o
below  105° 
above 105
45 gm 
39 gm
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F r a c t io n a t io n  o f (a )  a t  762 m  Hg gave w ith  some c ra c k in g
No, B .P .
1 83-150 8 .0 c o n ta in in g  a
B 150-158 4 .0
3 158-161 2 .0
4 161-165 2 3 .0
5 161-166 1 .0
6 166-310 4 .5 p a le  y e llo w
7 R esidue 2 .0
F r a c t io n a t io n  o f  (b ) a t  762 mm Hg gave
8 110-111 1 0 .5 t u r b i d
9 111-111 7 .5 c l e a r
10 111-218 4 .0 p a le  y e llo w
11 318-231 3 .5 p a l e  y e llo w
13 320-222 8 .5 p a le  y e llo w
13 R esid u e 2 .0
S em icarb azo n es p re p a re d  from  (8) and  (9 ) had  each  a  M.P. 131-133°
Found: C 53.51 H 9 ,5 8 N 2 6 .6
Found: C 53 .51 H 9 .6 3 H 2 6 .5
Req: C 53 .51 H 9 .5 5  - I 3 6 .7
175 gm ( l  .34 m ol) 
31 gm ( l , 3 3  mol)
1000 ml
R e f lu x  
8 h o u rs
(66) Reajyents u se d
I SOP rot) v l  brom ide 
Magnesium 
E th e r
M ethyl iaobu t y l  k e to n e  100 gm ( l .O  m ol)
The r e a c t i o n  p ro d u c t was s e p a ra te d  u n d e r  red u ce d  p r e s s u r e  
in to
(a )  below  105° (b ) above 105°
F r a c t io n a t io n  o f (a) a t  760 mm Hg gave
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g&u B .P . g m . nj>
1 90-130 6 .0
3 120-161 5 .0
3 161-165 7 .5 1 .4319
4 161-166 1 8 .0 1 .4 3 2 5
5 166-310 3 .0
6 310-315 3 .5
7 217-318 4 .5
F ra o t  io n a t io n  o f  (b ) a t  759 mni Hg gave
8 110 1 .0
3 110-214 4 .5
10 213-214 3 .0
11 211-215 3 .0
13 315-217 4 .0 1 .4 4 8 3
13 217-219 1 1 .0 1 .4 4 9 4
14 317-319 3 .0 1 .4508
/
(67) R e ag e n ts  u aed
0 m ol)
Iso p ro p y l brom ide 
Magnesium
E th e r  3000 ml
M ethyl is o b u ty l  k e to n e  300 gm (3 .0  mol)
800 gm (6 .5  mol) 
146 gm ( 6 ,0
R e flu x  
3 h o u rs
The r e a c t io n  p ro d u c t was f r a c t i o n a t e d  a t re d u c e d  p r e s s u r e  
throijigh a  3 f t .  column packed  w ith  F enske  h e l i c e s ,  f i t t e d  w ith  
an e l e c t r i c a l l y  h e a te d  j a c k e t  and a t o t a l - r e f lu x - v a r i a b l e - t a k e <  
o f f  s t i l l  h e a d .
F r a c t  io n a t io n a t 4 mm Hg*
B ,P , gm ny>
1 40-55 24 1 .4 2 2 2 c o lo u r le s s
2 55-60 45 1 .4304 c o lo u r le s s
3 60-65 37 1 .4 3 4 9 c o lo u r le s s
4 66jr70 38 1 .4 3 6 8 . c o lo u r le s s
5 70-75 10 1 .4 3 9 2 c o lo u r le s s
6 75-80 5 1 .4 4 3 7 c o lo u r le s s
7 80-85 12 1 .4468 p a le  y e llo w
8 85-90 92 1 .4 5 0 3 p a le  y e llo w . v e ry  w et
9 85-90 10 1 .4 4 9 9 p a le  y e llo w . t u r b i d
10 90-95 8 1 .4 5 0 4 p a le  y e llo w . t u r b i d
11 96-130 15 1 .4 5 2 2 p a le  y e llo w . c le a r
The r e f r a c t i v e  in d ic e s were m easu red on th e  d r ie d  l i q u i d s .
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(68) R e ag e n ts  u se d  R e flu x
ig o p x o p y l b ro m id e ' 984 gm ( 8 .5  mol) 2 h o u rs
Magnesium 194 gm (s .O  mol)
E th e r  3250 ml
M ethyl iaobu t y l  k e to n e  400 gm ( 4 .0  m ol)
F r a c t io n a t io n  a t  re d u c e d  p r e s s u r e  u s in g  same column as in
E x p t, ( 6 7 ) .
ZoNo. B .P . im gm
1 40-43 3 .0 24 1 .4 2 4 1
2 43-48 3 .0 41 1 ,4 3 0 9
3 38-53 3 .0 40 1 .4350
4 53-60 3 ,0 60 1*4382
5 60-65 3 .0 25 - 1*4418
6 65-70 2 .5 14 . 1*4453
7 70-75 2 .0 40 1*4500
8 75-77 2 .0 67 1*4518
9 77-82 2 .0  ' 18 1 .4 5 2 0
10 82-109 2 .0 11 1*4530
11 102-132 2 .0 22 1*4547
(69) R e ag e n ts  u se d
IsQpro u v l  brom ide 984 gm (8 .5  mol)
Magnesium 194 gm (8 .0  mol)
E th e r  2250 ml
M ethyl iao b u t y l  k e to n e  400 gm ( 4 .0  mol)
R e flu x  
2 h o u rs
The 450 gm p ro d u c t  o f  t h i s  r e a c t io n  was f r a c t i o n a t e d  in  
two h a lv e s .
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( a ) 200 gm a t 0 .5  mm Hg
No. B .P , n^>
1 30-35 3 .0 1 .4 0 8 0 c o lo u r le s s
2 35-40 3 .0 1.41T4 c o lo u r le s s
3 40-45 2 0 .0 1 .4273 c o lo u r l e s s
4 45-50 2 4 .0 1 .4342 c o lo u r le s s
5 50—55 2 2 .0 1 .4388 c o lo u r le s s
6 55-60 1 5 .0 1 .4 4 0 3 c o lo u r le s s
7 60-65 4 .0 1 .4 4 1 2 c o lo u r l e s s
8 65-70 0
9 70-75 8 .0 c o lo u r l e s s ,  t u r b id
10 75-80 3 9 .0 1 .4509 p a le  y e llo w , c l e a r
11 80-8  5 1 1 .0 1 .4502 p a le  y e llo w , t u r b i d
12 8 ‘>-100 5 .0 1 .4480 p a le  y e llo w , tu r b id
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1
gm a t  30 
30-60
mm Hg 
3 .0 1 .4 0 4 7
2 60-70 8 .0 1 .4 2 5 6
3 70-75 8 .0 1 .4220
4 75-79 4 .0 1 .4 2 6 7
5 79-84 8 .0 1 .4314
6 84-89 2 8 .0 1 .4 3 4 6
7 89-90 1 6 .0 1 .4358
8 90-9 5 6 .0 1 .4 3 6 9
9 95-100 8 .0 1 .4 3 8 5
10 100-105 7 .0 1 .4 4 3 7
11 105-110 5 .0 —
12 110-115 6 .0 1 .4 4 7 0
13 115-120 1 7 .0 1 .4498
14 120-123 3 0 .0 1 .4 5 1 4
15 123-125 1 2 .0 1 .4 5 1 2
16 125-130 1 1 .0 1 .4 5 0 8
17 130-140 8 .0 1 .4 5 0 0 tu r b i d
18 140-150 4 .0 1 .4 9 3 6
The r e f r a c t i v e  in d ic e s  o f th e  f r a c t i o n s  c o n ta in in g  w a te r  
were m easured  on d r ie d  specim ens.
IsobutylMgBr on MethylIsooropvl ketone
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(7 0 ) Reaorents u se d
Iaobu ty l  b rom ide 304 gm (2 ,3 3  m ol)
Magnesium 49 gm ( 3 ,0  mol)
E th e r  1500 ml
M ethyl Iso p ro p y l k e to n e  86 gm ( l .O  m ol)
The r e a c t io n  p ro d u c t wae f r a c t i o n a t e d  a t 755 mm Hg
R e flu x  
2 h o u rs
No. B .P . gm
1 3 9-60 —
2 60-90 7 .5
3 90-100 4 .5
4 100-110 3 1 .5
5 110-115 2 2 .0
6 115-159 3 .5
7 159-167 2 5 .0
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MethylMgBr on i s opropyliaotoutyl ketone
(71) A s o lu t io n  o f  m ethylm agnesiiim  brom ide was made from  
s u f f i c i e n t  m ethy l b rom ide t o  d i s s o lv e  1 2 ,2  gm (0 .5  mol) 
m agnesium  in  700 ml anhydrous e t h e r .  The s o lu t io n  was 
d e c a n te d  th ro u g h  g l a s s  wool in to  a  f r e s h  f l a s k ,  and to  i t  
w ere added s lo w ly  43 gm (0 .3 3  m ol) is o o ro n y l  iso b u t y l  k e to n e , 
fo llo w e d  by 1 .5  h o u rs  r e f l u x .  The r e a c t i o n  p ro d u c t was 
d i s t i l l e d  u n d e r  red u ced  p re e e u re  and f r a c t i o n a t e d  a t  atm os­
p h e r ic  p r e s s u r e ,  g iv in g
(a )  105-162° 8 .0  gm
(b) 162-167° 3 4 .0  gm
F r a c t io n a t io n  o f  (b) t h r o u ^  a  6 in ch  coluri:n packed  w ith  
Fenske h e l i c e s  gave
m l.NOj
1 . 
3
3
4
5
6
7
8
B .P .
157
167-160
162-163
163-164
164-165
165-166
166-166  
R esid u e
3
3
4
5 
10
5
1
1 .4 2 4 0  (D ried ) 
1 .4 2 9 4  »
1 .4 3 0 3  
1 .4308  
1 .4 3 1 4  
1 .4 3 1 8  
1 .4 3 2 1  
1 .4 3 2 3
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(7 8 ) F r ^o t io n a t  io n  o f  2; 3t 5->tr im ethylhezaQ ol-^é
The fo l lo w in g  f r a c t i o n s  were b u lk e d ;
E z p t .
58
61
63
65
66
67
68 
69A 
69B
F r a c t io n s
3 ,4 ,5
5^6
6 ,7 ,8
4
3 ,4
1 ,2 ,3 ,  4 ,5  
8 , 3 ,4 ,5
3 ,4 ,5 ,6  
4 ,5 ,6 ,7 ,8 9
The o a rb in o l  « a s  f r a c t i o n a t e d  th ro u g h  a  3 f t ,  column pack ed  
w ith  F enske h e l i c e s  and f i t t e d  w ith  a  t o t a l - r e f l u x - v a r i a b l e -  
t a k e - o f f  s t i l l  head* A f te r  th r e e  p r e l im in a r y  f r a c t i o n a t i o n s  
to  o b ta in  a  f a i r l y  p u re  s t a r t i n g  m a t e r i a l ,  th e  o a rb in o l  was 
c o l l e c t e d  a s  fo l lo w s ,
_  _  2©No. B tF t . mm ns>
1 4 5 .3 3 1 .4 3 8 1 50
2 4 5 .3 3 1*4382 50
3 4 5 .3 3 1 .4 3 8 8 50
4 4 5 .3 3 1 .4331 50
5 4 5 .3 3 1 .4 3 2 0 10
6 4 5 .3 3 1 .4 3 3 0 10
7 45*3 3 1 .4320 10
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(73) Dehydration of 3 ;3 ;5 -tr itteth y lh exan ol-4
Moat o f  th e  o a rb in o l  was d e h y d ra te d  by d i s t i l l i n g  over 
n a p h t î ia le n e -8 - s u lp h o n ic  a c id  o r  by r e f lu x in g  o v er anhydrous 
copper s u lp h a te .  The d r ie d  o l e f i n  from  th e s e  d e h y d ra t io n s  
b o i le d  betw een  1 2 6 -136^ .
An a t te m p t was made to  d e h y d ra te  50 ml e f  t in  c a x b in o l by 
r e  f lu x in g  w ith  75 a c e t i c  an h y d rid e  and 10 gm sodium a c e ta t e .  
A f te r  r e  f lu x in g  f o r  B h o u rs  th e  p ro d iio t was d i s t i l l e d  to  
d ry n e s s , th e  sodium a c e ta t e  r e s id u e  d is s o lv e d  in  a  m a l l  m iount 
o f  w a te r , and a g a in  d i s t i l l e d  to  d ry n e s s . The com bined 
d i s t i l l a t e s  were s e p a r a te d  f r c #  w a te r ,  w ashed w ith  sodium  
h y d ro x id e  and w a te r , end d r i e d  w ith  p o ta s s iu m  c a rb o n a te . The 
p ro d u c t sm e lle d  s t r o n g ly  o f  und^anged  o a r b in o l ,  and was t h e r e ­
f o r e  r e f lu x e d  f o r  a  f u r t h e r  two h o u rs  w ith  50 ml a c e t i c  
a n h y d r id e  end 10 gm sodium a c e t a t e .  A f te r  w orking  up a s  
b e f o r e  the . p ro d u c t s t i l l  s tiie lled  o f  t e r t i a r y  o a r b in o l ,  and 
h ad  1 .4 3 5 8 .
D eh y d ra tio n  of th e  same q u a n t i ty  o f o a rb in o l  by 
n a p h th a le n e -3 -s u lp h o n io  a c id  and co p p er s u lp h a te  gave r e s p e c t -  
iv e ly  n“  1 .4 3 3 7  and n*5 1 .4 3 4 6 .
- - - - -  - - - ^  ‘ '' ' ' '
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(7 4 ) F ra q % ^ ^ tlq % , o f  3 i5 ,:,.5 > Jy ii^ th y ^ ,^ a B ft„ ..
Ii
The .3 :3 ;5 - tr im e th y lh e x ô n e  from  (73) was d i s t i l l e d  and red u ced  
in  g l a c i a l  a c e t i c  a c id  s o lu t io n  w ith  PtOg and %  a t  t h r e e  
a tm o sp h è res  p r e s  ju re . A f te r  s e v e r a l  d i e t  i l l a t i o n s  o v e r  
sodium  th e  p r  d u c t b o i l i n g  o v e r  1® ran g e  was f r a c t i o n a t e d  
th ro u g h  a  12 inch  column p ack ed  w ith  s in g le  and m u l t i - t u r n  ■
F enske h e l i c e s ,  and f i t t e d  w ith  a  sm a ll t o t a l - r e f l u x - v a r i a b l e -  
t a k e -  o f f  s t i l l  h ead .
: - '■•1
Ho. B .P . ml n p
1 1 2 9 .9 -1 3 0 .0  0 .5  -  * '""tj
3 1 3 0 .0 -1 3 0 .3  0 .5  1 .4 0 6 1
3 1 3 0 ,3 -1 3 0 .4  1 .0  1 .4060
4 1 3 0 .4 -1 3 0 .5  1 .0  1 .4 0 6 0
5 1 3 0 .5 -1 3 0 .5  5 .0  1 .4 0 6 0  '
6 1 3 0 .5 -1 3 0 .6  5 .0  1 .4 0 6 0
7 1 3 0 .6 -1 3 0 .6  5 .0  1 .4 0 6 0
8 1 3 0 .6 -1 3 0 .6  5 .0  1 .4 0 6 0
9 1 3 0 .6 -1 3 0 .6  5 .0  1 .4 0 6 0
10 1 3 0 .6 -1 3 0 .7  5 .0  1 .4 0 6 0
11 1 3 0 .7 -1 3 0 .6  5 .0 .  1 .4 0 6 0
12 1 3 0 .6 -1 3 0 .5  5 .0 ,  1 .4 0 6 0  '
13 1 3 0 .5 -1 3 0 .7  5 .0  1 .4 0 6 0
14 1 3 0 ,7 -1 3 0 .7  5 .0  1 .4 0 6 0
15 1 3 0 .7 -1 3 0 .7  5 .0  1 .4 0 6 0  ■
16 1 3 0 .7 -1 3 0 .7  8 .0  1 .4 0 6 0  '  i
17 1 3 0 .7 -1 3 0 .7  5 .0  1 ,4 0 6 1
18 1 3 0 .7 -1 3 0 .7  8 .0  1 .4 0 6 0  ■ .-i
19  1 3 0 ,7 -1 3 0 .7  5 .0  1 .4061  ;
SO 1 3 0 ,7 -1 3 0 .7  4 .0  1 .4 0 6 1
21 1 3 0 .7 -1 3 0 .7  3 .0  1 ,4061
32 1 3 0 .7 -1 3 0 .7  1 .5  1 .4081
F r a c t io n s  (4) and (22 ) were s e n t  t o  be exam ined in  th e
I n f r a - r e d  r e g io n  of th e  sp ec tru m . I '
C a â p iu a  d i a l k y l  avR ^ h e w t
(75 ) M e th y lis o b u ty l  k e to n e  ( l )
A s o lu t io n  o f ieo b utylMgtBr was made from  157 gm 
(1 .1 4  m ol) iao b u t y l  b rom ide and 3 4 ,3  gm ( l  mol) m agnesium  in  
1000 ml anhydrous e t h e r .  T h is  was d e c a n te d  in to  a  seco n d  d ry  
f l a s k  f i t t e d  w ith  a  s t i r r e r ,  r e f l u x  c o n d e n se rs , d ro p p in g  
f u n n e l ,  and n i t r o g e n  i n l e t ,  A v e r y  slow s tream  o f n i t r o g e n  
was p a s s e d  th ro u g h  th e  a p p a ra tu s  d u r in g  r e a c t io n .  The f l a s k  
Was su rro u n d ed  by c ru sh e d  i c e ,  and to  th e  s o lu t io n  were added 
9 1 ,3  gm (0 ,5  mol) an hydrous cadmium c h lo r id e  in  sm a ll p o r t io n s ,  
and w ith  c o n tin u o u s  s t i r r i n g .  The a d d i t io n  o f  th e  dadmium . 
c h lo r id e  was accom panied  f o r  th e  m ost p a r t  by  a  b r i s k  r e a c t io n .  
The c o n te n ts  o f  th e  f l a s k  were th e n  h e a te d  u n d e r r e f l u x  f o r  
h a l f  an h o u r , a llo w ed  to  c o o l ,  and th e n  7 8 ,5  gm (1 m ol) a c e ty l  
c h lo r id e  were s lo w ly  added w ith  c o n tin u o u s  s t i r r i n g .  A f te r  
th e  a d d i t io n  o f  th e  c h lo r id e  th e  f l a s k  c o n te n ts  w ere r e f lu x e d  
f o r  1 h o u r . The th i c k  s lu d g e  form ed d u r in g  r e a c t i o n  was 
a llo w e d  t o  co o l and was deccaaaposed by p o u r in g  o n to  ic e  s lu r r y  
and d i l u t e  HCl. A l a r g e  amount o f  w a te r  was needed  to  
d i s s o lv e  th e  s o l i d  m a t te r .  The e th e r  s o lu t io n  and e x t r a c t s  
were washed w ith  30^ sodium h y d ro x id e  and w a te r , and were th e n  
d r ie d  o v e r  p o ta s s iu m  c a rb o n a te . The aqueous l i q u o r s  were 
d i s t i l l e d  to  a q u a r t e r  b u lk  to  se e  i f  any k e to n e  rem a in ed  in  
s o lu t io n .  None was o b ta in e d .
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The e t h e r  s o l u t i o n  ,was d i s t i l l e d  th ro u g h  an  8 inch  
D u fto n  column, g iv in g
(a) 50-100® 25 gm (b) 1 0 0 -1 1 2 0  6 gm (o )  112-1160
20 gm. P o r t i o n  ( a )  was f r a c t i o n a t e d  th ro u g h  a  e i x  inch  
column packed  w ith  F enske h e l i c e s :
Ho. B .P , ml
1 65-70 1 .5 1# ' -
2 70-77 4 .0 1 .3 8 0 0
3 77-78 4 .0 1 .3 8 1 9
4 80-82 4 .0 1 .2 8  39
5 82-84 4 .0 1 .3 8 6 2
6 8 4 -8 6 1 .0
7 86 -88 1 .0
8 8 8 -9 2 1 .0
9 92 -1 0 0 1 .0
10 100-110 1 .5
F r a c t i o n  4 was r e f lu x e d  w ith  30% sodium h y d ro x id e  and th e  
aqueous l a y e r  was d i s t i l l e d  to  d ry n e s a .  The r e s i d u e  was 
h e a t e d  w ith  d i l u t e  s u lp h u r i c  a c id ,  and gave a  s t r o n g  sm ell o f  
a c e t i c  a c id .  The d i s t i l l a t e  was shaken w ith  some b e n z o y l  
c h l o r id e  and sodium h y d ro x id e ,  A few g lo b u le s  s e p a r a te d  o u t  
s m e l l in g  of e t h y l  b e n z o a te .
(76) Methyl i a o b u ty l  k e to n e  (2)
The same p ro c e d u re  was u s e d  a s  in  (7 5 ) ,  e x c e p t  t h a t  
th e  a c e ty l  c h l o r id e  was added as  a  50^ s o l u t i o n  in  d ry  e t h e r ,  
and t h a t  r e f l u x  was c o n t in u e d  f o r  1 , 5  h o u r s  a f t e r  th e  a d d i t i o n  
o f  th e  a c e ty l  c h l o r i d e .  I t  was found  b e t t e r ,  to o ,  t o  add w a te r
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t o  th e  r e a c t i o n  f l a s k  f o r  d e c o m p o s it io n ,  u s i n g  o n ly  a  l i t t l e  
d i l u t e  HCl. D i s t i l l a t i o n  th ro u g h  an 8 in ch  D ufton  column 
gave
(a )  70-85® 34gm (b )  86-113® 8 gm (o )  112-116® 20 gm
(77) E th y l  i s o b u ty l  k e to n e
The same p ro c e d u re  was ad o p ted  a s  in  ( 7 5 ) ,  The
p r o p io n y l  c h l o r id e  u s e d  was p r e p a r e d  from  p r o p io n ic  a c id  and
t h i o n y l  c h lo r id e  ( p . ^ ^ ^ ) .  The r e a g e n t s  u s e d  w ere
is o b u t v l  brom ide 20 6 ,0  gm ( 1 .5  mol)
Magnesium 3 6 ,4  gm ( l . 5  mol)
E th e r  1000 ml
Cadmium c h l o r id e  1 3 6 .8  gm (0 .75m ol)
P ro p io n y l  c h l o r i d e  9 2 .5  gm ( 1 .0  mol)
F r a c t i o n a t i o n  o f t h e  r e a c t i o n  p r o d u c t  was accom panied in  th e
e a r l y  p a r t  by fum ing  and an o n i o n - l i k e  o d o u r .
No. gm
1 99-103
2 103-130 1 8 ,0
3 130-133 6 .5
4 135-136 4 9 ,0
5 136-137 1 0 ,0
6 137-140 2 .0
7 140-186 6 .0
P a le  y e l lo w , fuming
F r a c t i o n s  ( 3 ) ,  ( 4 ) ,  and (5 )  were b u lk e d  and r e - f r a c t i o n a t e d ,  
g iv in g  60 gm e th y l  iso b u t y l  k e to n e  B .P . 134-137®, t h i s  b e in g  
a ye l i d  of 36$.
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(78) i aon ro u y iieobutyl ketone ( l )
The sa'ne p ro c e d u re  was u se d  as  in  (7 5 ) .  The
r e a g e n t s  u aed  were
Iaobu t y l  brom ide 2 0 6 ,0  gm ( l  ,5  mol)
Magnesium 3 6 ,5  gm ( 1 ,5  mol)
E th e r  1500 n l
Cadmium c h l o r id e  1 3 6 .8  gm ( 0 . 7 ;mol)
lao b u t y r y l  c h l o r id e  1 0 6 .5  gm ( 1 ,0  mol)
The d e c o m p o s it io n  by add ing  w ate r  to  t h e  r e a c t i o n  f l a s k  was
v e r y  v ig o r o u s .  F r a o t  io n a t  i c n  was accom panied by fuming and
an o n i o n - l i k e  o d o u r .
Ho. B .P . gm
1 95-108 10 y e l lo w , sweet sm ell
2 108-140 9 y e l lo w , fum ing
3 140-144 5 p a le  y e l lo w
4 144-148 35 c o l o u r l e s s
5 148-150 4 ‘ p a l e  y e llo w
6 150-265 8 o ra n g e ,  r e p u l s i v e  odour
(79) i a o p r o n v l i s o b u tv l  k e to n e  (2)
The r e a g e n t s  u s e d  were
isobu t v l  brom ide 1 1 3 .0  gm (O. 75 mol)
Magnesium 1 8 .2  gm (0 ,7 5  mol)
E th e r  1500 ml
Cadmium c h l o r id e  6 8 .4  gm (0 .3 7 5  mol)
isp b u t v r v l  c h l o r id e  40 % (0 .3  75 mol)
There were a  fe^v a l t e r a t i o n s  in  p ro c e d u re  in  t h i s  e x p e r im e n t ,  
(1) no ic e  b a th  was u s e d ,  (2) th e  i s o b u t y r y l  c h l o r id e  was added 
in  one q u ick  s tre a m , s in c e  v i b r a t i o n  o f  th e  s t i r r e r  cau sed  th e  
ta p  o f  th e  d ro p p in g  f u n n e l  t o  work l o o s e ,  and (3) r e f l u x  was 
c o n t in u e d  f o r  4 ,0  h o u r s  a f t e r  ad d in g  th e  iso b u t y r y l  c h l o r i d e .  
F r a c t i o n a t i o n  was s i m i l a r  t o  ( 7 8 ) ,  and gave SO gm i s o p ro p y l  
i s o b u t y l  k e to n e  B .P . 143-147®.
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M ethyl ie o b u t y l  k e to n e  (A o e to a o e t ic  e s t e r  method)
(80) F o l lo w in g  th e  d i r e c t i o n s  g iv e n  in  Org, S y n th . (C o l .  V o l.  I I ,  
348)t4ro e x p e r im e n ts  were t r i e d  in  which th e  f o l lo w in g  amounts
o f  r e a g e n t s  were u s e d ; •
(a ) (b )
EtOH 250 m l. 250 m l.
Na 12 g . 12 g . ( 0 .5 mol)
E a te r 65 g . 65 g . ( 0 .5 mol)
iso P rB r
kT ^
70 g . 70 g .
2 g .
(0 .5 5
(0 .1
mol)
mol)
The E to n  was d r i e d  by r e f l u x i n g  s e v e r a l  h o u r s  w ith  Na and 
e t h y l  p h t h a l a t e ,  and d i s t i l l e d  in to  th e  r e a c t i o n  f l a s k .  The 
m ixed r e a g e n t s  were r e f l u x e d  1 3 .5  h o u r s  and th e n  10 g .  i a a p ro o v l  
b rom ide were added to  e a c h ,  and r e f lu x e d  a  f u r t h e r  6 h o u r s .  
Y ie ld s  o f  s u b s t i t u t e d  e s t e r  w ere ;
betw een  195-201® 34 g ;  r e f r a c t i o n a t e d  196-201® 32 g . 
betw een  195-200® 40 g ;  r e f r a c t i o n a t e d  197-201® 36 g .
b e in g  37$ and 40$ th e o r y  r e s p e c t i v e l y ,
(8 1 )  The f o l lo w in g  r e a g e n t s  were r e f lu x e d  t o g e t h e r  f o r  36
h o u r s ,  ^
EtOtf 750 ml.
Na 48 g.
E s t e r  260 g , (2  mole
g, (2 m o le .)
g , (2  le .)
i s o P rB r 270 g , (2  m ois 1 0 $ ) ,
Tlxe y i e l d  o f  s u b s t i t u t e d  e s t e r  B .P . 196-201® was 98 g m s.,  t h i s  
b e in g  2 8 .5 $  th e o r y .
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i lk y lAt ion of Acetone
(82 )  40g ( l  ^ o l )  sodamide were added in  5g p o r t i o n s  t o
450g (9 mol) A .R .a ce to n e  p r e v i o u s l y  d r i e d  f o r  one week o v e r
KgCO^. The a d d i t i o n  was accom panied b y  a v ig o r o u s  r e a c t i o n
and a  g r e y i s h  b la c k  sed im ent was form ed. The s o ln .  was
r e f l u x e d  f o r  1 .5  h o u rs  and th e n  123g ( l  mol) i s o p r o p y l  brom ide
were added in  sm all p o r t i o n s  frcaa a  d ro p p in g  f u n n e l ,  r e f l u x i n g
b e in g  c o n t in u o u s .  T h ere  was no s ig n  o f  r e a c t i o n  on adding
th e  b rom ide . A f t e r  a  few h o u r s  r e f l u x  th e  s o ln ,  was f i l t e r e d
a t  t h e  pump. F r a c t i o n a t i o n  o f  th e  amber s o ln ,  gave :
m e s i ty l  o x id e  B .P . 126-130®
p a le  y e l lo w  l i q u i d  B .P . 215-280®
b u t  no m e th y l iso b u t v l  k e to n e  115-118^ and no d i i s o p ro p y l
k e to n e  164-165®.
(83) R epeat o f  (82) b u t  c o o le d  a c e to n e  in  ic e  s l u r r y  f i r s t .  
D is c a rd e d  s in c e  r e a c t i o n  w ith  sodaf&ide would n o t  s t a r t  a t  
low er temp,
(84) 290g (5  mol) a c e to n e  were m ixed w ith  290g d ry  benzene
and to  th e  m ix tu re  w ere added q u ic k ly  39g ( l  mol) sodaruide. A 
b r i s k  r e a c t i o n ,  fo l lo w e d  and t h e  c o n t e n t s  o f  th e  f l a s k  became 
v e r y  t h i c k ,  150 g  more benzene w ere, added and t h e  whole 
r e f l u x e d  f o r  1 .5  h o u r s ,  a f t e r  which 133g ( l  mol) i s o p ro p y l  
b rom ide were added s lo w ly ,  r e f l u x  b e in g  c o n t in u o u s .  A f te r  
r e f l u x i n g  45 m in. th e  ex p e rim en t was s to p p e d  and l e f t  o v e r n ig h t ,  
r e f l u x i n g  b e in g  c o n t in u e d  f o r  45 m in . n e x t  day . The c o n te n t s
(e) 217-220 4
f )  220-23 3 6
g) 240-243 1 .5
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of th e  f l a s k  were e e m i- s o l id  a f t e r  s tand ix ig  o v e r n ig h t .  Water
was added to  th e  f l a s k  and t h e  u p p er  l a y e r  s e p a r a te d ,  d r i e d
e v e r  KgCOg and f r a c t i o n a t e d ,  g iv in g :
a  sm a ll  amount o f  m e s i ty l  ox ide  
a l a r g e r  amount o f  y e l lo w  l i q u i d  B .P , 213-220^.
Ko s u b s t i t u t i o n  p r o d u c t s  were o b ta in e d .
(85) F r a c t i o n a t i o n  o f  th e  y e llo w  d i s t i l l a t e  from  ( 8 4 ) :
B .P . m is . B .P . m is .
a) 207-211 5
b) 211-213 13
0) 213-215 11
(d ) 215-217 5 (h )  243-244 3 .5
(86) The aem icarbazone o f  f r a c t i o n  (b )  was p r e p a r e d ,  c r y ­
s t a l l i z a t i o n  o c c u r r in g  on ly  a f t e r  th e  r e a c t a n t s  had  b een  k e p t  
i n  g l a c i a l  a c e t i c  a c id  s o l u t i o n  o v e r n ig h t .  T hree  c r y s t a l l i ­
z a t i o n s  from  w ate r  gave s h in in g  p l a t e s  M.P. 188®. The M.P. 
of t h e  sem icarbazone  o f  isp n h o ro n e  i s  188®,
Fd. C 61 .4  H 8 . 6  N 2 2 .6
C a lc . C 6 1 .5  H 8 ,7  K 2 1 .5
A n a ly s is  o f  f r a c t i o n  (b )
Fd. C 7 8 .2  H 10 ,1
C a lc . C 7 7 .7  H 1 0 .1
(87) The sem ioarbazone of f r a c t i o n  (h) was p r e p a r e d  from  a 
s o l u t i o n  of O.Sg sem ioarbH Cl, 0 . 6g NaOH, 0 . 5g f r a c t .  (h) in  
1 .4 g  g l a c i a l  a c e t i c  a c id .  C r y s t a l s  a p p e a re d  a f t e r  t h r e e  d ay s .  
A f te r  s ta n d in g  10 weeks, th e  whole had  become d ry ,  t h e r e  b e in g  
y e l l o a  c r y s t a l s  a round  th e  s id e s  o f  th e  f l a s k .  These were 
d i s s o l v e d  in  EtOK and p p td .  by ad d in g  w a te r  and s c r a t c h i n g .
268
R e p e a t in g  t h i s  s e v e r a l  t im e s  gave a  f l o c c u l e n t  s o l i d  M.P. 
142-150^  (d e c o m p ,) , .  Two r e c r y s t ,  from  squeoue a lc o h o l  gave 
w h ite  s h in in g  s c a le  a M,P, 157-158® (d eco m p ,) .  T here  wae 
i n s u f f i c i e n t  f o r  m ia ly s i a .
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R eduction o f M e sity l Oxide
(88) The m e s i ty l  o x id e  u se d  in  th e s e  r e d u c t i o n s  b o i l e d  
betw een  137-129®, U n le s s  o th e rw is e  m en tio n ed  th e  i n i t i a l  
Hg p r e s s u r e  was 42 l b ,  sq , in .  A f te r  r e d u c t io n  th e  b o t t l e  
c o n t e n t s  were f i l t e r e d  by s u c t io n  i n to  a  s e p a r a t in g  f u n n e l ,  
t h e  b o t t l e  washed w ith  a c e t i c  a c id  and th e  w ash ings f i l t e r e d .  
The a c id  s o ln .  was n e u t r a l i z e d  w ith  30^ KaOH s o l n , , and th e  
k e to n e  l a y e r  was th e n  washed w ith  w a te r  t h r e e  t im e s ,  ai3d d r i e d  
w ith  CaClg, and f r a c t i o n a t e d  th ro u g h  a 45 cm. V ig reu x  column,
( i )  R e a g e n ts  R a te  o f  F a l l  o f  Hg p r e s s , '
M e s i ty l  Ox, 2 5 .0  g,. 2 .0  l b .  in  5 m in.
G lac .A c .A c . 2 5 ,0  ml, 4 .0  15
PtO% c a t a l y s t  0 .0 5 g .  5 .0  25
5 ,7 5  60
R e d u c t io n  was s to p p ed  a f t e r  60 m in . The t h e o r e t i c a l  f a l l  in  
p r e s s ,  f o r  25g, m e s i ty l  o x id e  was 8 . 5  l b .
( i i )  M e s ity l Ox. 50 g . Gl ac . Ac•Ac• 25 m l. PtOg 0 .1 0  g .
l b . min l b . m in. l b m in . l b . m in.
1 5 7 .0 9 1 3 .7 5 13 '2 . 5
2 3 ,2 5 6 8 .2 5 10 1 4 ,7 5 14 26 .25
3 4 .5 7 9 .5 11 1 6 .7 5 15 35 .0
4 5 .75 8 1 1 .0 12 19 ,7 5 16 6 0 .0
R e d u c t io n  was s to p p ed a f t e r  70 min .
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M e sity l  Ox. 50 g . G lac .A o . Ac. 25 m l. PtOg 0 ,1 5  g .
l b ,  min. l b . m in. l b . m in. l b . min.
1 1 .6 5 4 .2 5 9 7 .5 13 1 2 .2 5
2 2 .5 6 5 .0 10 8 .2 5 14 1 3 .7 5
3 3 .2 5 7 6*0 11 9 ,5 15 1 5 .7 5
4 3 .75 8 6. 75 12 1 1 .5 16 1 9 .2 5
17 3 8 .0
was no f u r t h e r p r e s s u r e  a f t e r  50 min.
M e s i ty l  Ox. 100 g . G lao . Ao. Ac . 50 ml. PtOg 0 .3  g .
l b .  min. l b . m in. l b . m in. l b . m in .
1 0 .8 10 5 .8 5 19 9 .6 28 1 3 .2
2 1 .7 5 11 6.35 20 9 .9 29 1 3 .7 5
3 2 ,4 12 6 ,9 31 1 0 .3 30 1 4 .3
4 3 .0 13 7 .3 5 23 1 0 .6 31 1 4 .9 5
5 3 .5 14 7 .7 33 1 1 .0 33 1 5 .8
6 4 .0 15 8 .1 5 24 1 1 .4 33 1 6 .9
7 4 .5 16 8 .4 5 25 1 1 .8 34 1 6 .2
8 5 .0 17 8 .8 5 26 1 2 .2 35 2 3 .5
9 5 .45 18 9 .2 5 27 1 2 .6 5
was no f u r t h e r f a l l in  p r e s s u r e a f t e r  38 min. The
p r e s s u r e  was r a i s e d  to  15 l b .  and no f u r t h e r  f a l l  was o b se rv e d  
a l t h l n  a  f u r t h e r  30 min.
(V) M e sity l  Ox. 100 g . G lao , Ac. Ac* 50 ml. PtOg 0 .2 5  g.
l b . min. l b . min. l b . min. l b . min.
1 0 .9 10 5 ,8 5 19 1 0 .1 5 26 1 6 .6 5
3 1 .6 5 11 6 ,3 20 1 0 .6 5 29 1 7 .7
3 2 .3 5 13 6 .9 81 1 1 .1 6 30 18 .8
4 3 .0 13 7 .3 5 22 1 1 .8 31 20 .0 5
5 3 .5 14 7 .7 5 23 1 2 ,5 33
6 4 .0 15 8 . 2 24 1 3 .1 5 33 23 .65
7 4 .4 5 16 8 .6 25 1 3 .8 . 34 2 5 .5
8 4 .9 5 17 9 .1 26 1 4 .6 35 2 8 .3
9 5 .4 5 18 9 .6 27 1 5 .5 36
37
3 1 .7
3 8 .5
The p r e s s u r e  was th e n  r a i s e d  to  15 l b .  and no f a l l  o c c u r r e d  
w i t h i n  a  f u r t h e r  46 m in.
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( v i )  M e s i ty l  Ox, 100 g . G lao . Ao. Ac. ,50 m l. PtOg 0 . 25 g .
l b . min. l b . m in. l b . m in.
10 4 .0 26 1 2 .7 5 34 23 .25
17 6 .0 5 31 1 7 .9 37 2 8 .2
22 9 .9 33 2 0 .3 38 3 1 .0
The p r e s s u r e  was th e n  r a i s e d  to  15 l b ,  and f e l l 2 l b  w i th in
th e  n e x t 120 min.
( v i i )  M e s i ty l  Ox, lOOg. Gl ac . Ac.Ac. 50 m l. PtOa c a t . 0 .2 5 g
l b . m in. l b . min. l b . m in. l b . m in.
1 0 .8 10 6 .15 19 1 1 .9 28 2 0 .2
2 1 .6 5 11 6. 65 20 1 2 ,6 29 2 1 .4
3 2 .3 5 12 7 .25 21 1 3 .2 5 30 2 2 .9 5
4 3 .0 5 13 7 .9 22 1 4 .3 31 2 4 .25 3.65 14 8 ,4 5 23 1 5 ,0 5 32 2 5 .9
6 4 .2 5 15 9 ,0 5 24 15 .7 5 33 27. 75
7 4 .6 5 16 9 .6 5 35 1 6 .8 5 34 39.75
8 5 ,1 5 17 1 0 ,4 26 1 7 ,8 5 35 3 1 .9 5
9 5 .7 18 1 1 .0 5 27 1 8 .9 5 36
37 ' 3 8 .5 5
( v i i i )  M e s i ty l  Ox, lOOg. G lao . Ac. Ac. 50 m . PtOg 0 .2 5 g .
l b . min. l b . m in. l b . min. l b . min.
1 1 .5 10 7 .4 19 1 3 .1 5 28 2 0 .5
2 2 .3 11 7 ,95 20, 1 3 .7 29 2 1 .5 5
3 3 .0 12 8 . 6 21 1 4 .4 30 2 2 .7
4 3.8 13 9 .2 22 1 5 .1 31 24 .1
5 4 .5 14 9 .7 5 23 1 5 .9 32 2 5 .3 5
6 5 .0 5 15 1 0 .4 24 1 6 .6 5 33 27 .8
7 5 .65 16 11 .05 25 1 7 .5 34 3 0 .0
8 6 .2 5 17 1 1 .7 5 26 1 8 .4 35
9 6 .8 5 18 1 2 .4 27 1 9 .4 36 2 7 .0
37 60.0
The p re sB u re  «as  r a i s e d  t o  15 lb , 
w i th in  a  f u r t h e r  45 m in.
and no f a l l  was o b se rv e d
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( i x )  M e s i ty l  Ox. lOOg. G lao . Ac.Ac. 50 ml. PtOg 0 .2 5 g .
l b . min. l b . min. l b . min. l b . min.
1 10 3 .7 5 19 8 .0 5 28 14 .458 1 .8 5 11 4 .1 5 30 8 . 6 29 1 5 .43 1 .6 5 12 4 .6 21 9 .2 30 1 6 .54 1 .9 5 13 5.05 33 9 .8 5 31 1 7 .65 8. 25 14 5 .0 5 23 1 0 .4 5 32 1 9 .06 3 .5 5 15 5 .9 5 34 1 1 .0 5 33 20 .47 2 .8 16 6 .4 5 95 1 1 .9 34 22 .18 3 .1 17 6 .9 26 1 2 .6 35 34 .19 3 .4 18 7 .5 27 1 3 .5 36 26.1
38 3 1 .5
p r e s s u r e  was t h e n  r a i s e d  t o 15 l b . and f e l l 1 .5  l b .
l in  a  f u r t h e r  180 m in.
M e s i ty l  Ox. lOOg. Glao . Ac.Ac* 50 ml. PtOg 0 . 25g.
l b . min. l b . min. l b . min. l b . min.
( x)
^ 1 .0  10 7 .4 5  19 1 4 .4  28 > —
I  11 8 .0  30 1 5 .3  39 2 5 .2
3 2 .8 5  12 8 .8  21 30 -  '
4 3 .6  13 9 .5 5  22 -  31 -
5 4 .3  14 1 0 .2 5  23 1 8 .0  32 30 .8
6 4 .8 5  15 1 1 .0  34 -  33 3 3 .0
7 5 .5  16 1 1 .8  25 1 9 .9  34 35 .8
8 6 .2  17 1 2 .6  26 -  35 39 .8
9 6 .8  18 1 3 .5  27 2 2 .3  36 4 4 .0
37 5 4 .0
38 7 4 .0
The p r e s s u r e  was th e n  r a i s e d  t o  15 l b .  and f e l l  0 .2 5  l b .  
w i th in  th e  n e x t  75 m in.
265
(xi) M e s i ty l  Ox , lOOg Gl ac1. Ao, Ac . 50 %%&. PtOg 0 ,2 5 g .
l b min. l b m in. l b . min. l b . m in.
1 0 .7 5 10 3 .9 19 28
2 1 .2 11 4 .3 5 30 39 20 .4
3 1 ,6 12 4 .9 31 1 1 ,0 30 -
4 - 13 5 .5 23 31 23.8
5 2 .2 14 6 .05 23 1 3 .8 32
6 3 .5 15 6 .6 24 - 33 2 8 .5
7 3 .8 16 25 1 5 .0 34 3 1 .4
8 3.15 17 7 .9 26 — 35 3 5 .0
9 3 ,5 18 8 .6 5 27 1 7 .3 36 4 0 .0
p r e s s u r e  was th e n  r a i s e d  to 15 l b . and  f e l l 3 l b . w i t h  in
th e  n ex t  75 m in,
( x i i )  M e s i ty l  Ox, 25g. E th y l  a lc o h o l  50 m l, PtOa 0 .0 5 g .  
P re s s u r e  f e l l  2 I h .  in  10 m in, and 3 .5  l b ,  in  90 m ina. T h is  
e x p e r im e n t was t h e r e f o r e  d i s c a r d e d .
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M is c e l la n e o u s  I n te r m e d ia te »  
le o b u tv ra m id e
T h is  was p re p a re d  by  th e  method o f  Aschah (1898)^*^, b u t  
w ith  some m o d i f i c a t i o n s .  The u s e  o f  EtOH/COg as  r e f r i g e r a n t  
f a c i l i t a t e s  th e  a d d i t i o n  of th e  a c id  c h l o r id e  t o  t h e  ammonia, 
and i t  i s  b e t t e r  t o  add th e  c h l o r id e  in  a  s tream  w ith  r a p i d  
and c o n t in u o u s  s t i r r i n g .  I t  was a l s o  fo u n d  b e t t e r  t o  c r y -  
s t a l l i a e  th e  iso b u tv ra m id e  in s t e a d  o f  d i s t i l l i n g  i t .  The 
s o lv e n t  u se d  was 100-130® p e tro leu B i e t h e r ,  and a lthough*  
iQobu ty ra g i id e  i s  n o t  v e ry  s o lu b le  in  t h i s  i t  i s  p o s s i b l e  to  
f i l t e r  h o t  1 .3 ^  s o l u t i o n s  a t  t h e  pump and a l lo w  them to  
c ry  a t  a l l  i a e .
I t  was found t h a t  c r y s t a l l i s a t i o n  gave two fo rm s , n e e d le s  
and p l a t e s .  N eed les  were form ed from d i l u t e  f i l t e r e d  s o l u t i o n s ,  
w h ile  p l a t e s  were fo rm ed from  c o n c e n t r a t e d  d e c a n te d  s o l u t i o n s .
A s i m i l a r  b e h a v io u r  h a s  been n o t i c e d  w ith  p iv a la m id e  by 
Jam ison  and Davidson^B^ who, by X -ray  a n a l y s i s ,  found  t h a t  t h e  
p iv a la m id e  n e e d le s  c o n ta in e d  t r a c e s  o f  ammonium c h l o r i d e ,  t o  
which th e y  a t t r i b u t e d  th e  c o n t r o l  o f  c r y s t a l  shape . S in ce  t h e  
l i k e l i h o o d  of ammonium c h l o r id e  c o n t a â i n a t i o n  in  th e  
iso b u ty ra m id e  i s  g r e a t e r  in  c r y s t a l s  from  c o n c e n t r a t e d  d e c a n te d  
s o l u t i o n s  th a n  from d i l u t e  f i l t e r e d  s o l u t i o n s ,  i t  seems p o s s i b l e  
t h a t  t h e  c r y s t a l  shape i s  a  q u e s t io n  o f  c o n c e n t r a t i o n  r a t h e r  
th a n  th e  b o rro w in g  o f  c r y s t a l  form.
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P ra n io n v l  c h lo r id e
Some d i f f i c u l t y  was e x p e r ie n c e d  w ith  th e  p r e p a r a t i o n  o f  
t h i s  r e a g e n t .  T h is  can  he u n d e r s to o d  froim th e  fo l lo w in g  
b o i l i n g  p o i n t s :
P ro p io n y l  c h l o r id e  77-78®
T h io n y l c h l o r id e  77-78®
P hosphorus t r i c h l o r i d e  76-77®
M ichael (1 8 9 8 ) ’^ ^ p r e p a r e d  p ro p io n y l  c h l o r id e  from  p r o p io n ic  a c id
and p h o aphorus  t r i c h l o r i d e ,  and removed e x c e s s  p h o sp h o ru s
t r i c h l o r i d e  from th e  p ro d u c t  by r e f l u x i n g  f o r  s e v e r a l  h o u rs
o v er  sodium p r o p io n a te .  The p r e s e n t  a u th o r  found  t h a t  i t
was n o t p o s s i b l e  t o  remove p h o sp h o ru s  t r i c h l o r i d e  from  th e
p ro d u c t  even a f t e r  t . r e lv e  h o u r s  r e f l u x .
I t  was p o s s i b l e  to  o b ta in  a  p ro d u c t  f r e e  from th i o n y l
c h l o r id e  by r e f l u x i n g  t h e  p ro p io n y l  ( f l o r i d e  over a  sm a ll
amount o f  p r o p io n ic  a c id .  More p r o p io n ic  an h y d r id e  i s  form ed
in  t h i s  way, b u t  th e  p r o p io n y l  c h l o r id e  o b ta in e d  i s  p u re .  The
r e a c t i o n  betw een  p r o p i o n i c  a c id  and t h i o n y l  d i l o r i d e  i s  v e r y
e n d o th e rm ie ,
I s o b u tv r v l  c h lo r id e
T h is  was p r e p a re d  i n  81^ y i e l d  from iso b u t y r i o  a c id  and 
t h i o n y l  c h l o r i d e .
------ -
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Four New Hydrocaxbona
Four o f  th e  t e r t i a r y  c a r b i n o l 8 l i s t e d  on p p . 66 and 67
were d e h y d ra te d  by d i s t i l l i n g  o v er  n a p h th a le n e -3 - s u l 'p h o n io
a c i d /  and th e  o l e f i n s  th u s  o b ta in e d  were red u c e d  u n t i l  th e
c o r re s p o n d in g  s a t u r a t e d  h y d ro p a rb o n a  showed no s ig n  of
u n e a t u r a t  io n .  The h y d ro c a rb o n s  o b ta in e d  were
♦
(1) 3; 4 -d i» ie th v lo o ta i ie  from  3 :4 - d im e th y lo c ta n o l - 4
B .P . 5 8 " 0 -5 8 « 4 ° /20 mm Hg Bj! 1*4190
F r a n c i s *  g iv e s  165®/760 mm Hg 1"4190
r
(g) 2 : 4 -d in ie th v ln o n an e  from 3 :4 -d in ie t t iy ln o n a » o l-4
^  IÎ-5
B .P . 75"0-75"2® /IB  mm Hg Bp 1"4333
Frau io is*  g iv e s  187®/760 hbb Hg Bp 1*4241
(3 )  2 : 4 : 5 - t r i m e t h v lh e p ta n *  from  2 : 4 : 5 - t r l m e t h y lh e p te n o l - 4
B .P . 4 9 .5 ° /IB  mm Hg n ^  1*4170
F r a n c i s *  g iv e s  156*6®/780 mm Hg Bp 1*4162
(4) 2 : 6 -< iln ie th v l-4 - i8 o b u tv lh e i3 tan e  from 2 : 6 - d im e th y l - 4 -
 ---------------- '-------- iaoV iu tY lhep tano l-4
B .P . 8 1 * 9 -8 2 * 5 ° /2 0  mm Hg B ^  1*4252
The o l e f i n s  from w h id i th e  f i r s t  t h r e e  o f  th e s e  
h y d ro c a rb o n s  were o b ta in e d  ap p ear  t o  have  c o n s i s t e d  o f '
i s o m e r ic  m ix tu r e s ,  a s  shown by t h e  e x p e r im e n ta l  d a t a  on pp .
K These v a l u e s  a re  g iv e n  a s  c a l c u l a t e d  v a l u e s  by F r a n c i s  
(In d .E n g .C h em ., 1943, ^  442-448)
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That i s ,  th e s e  o l e f i n s  h a d  a  sm all b o i l i n g  ra n g e  and a  
sm all ra n g e  o f  r e f r a c t i v e  i n d e x : -
(1 )  3 : 4 -d  m e th v lo  o te n e
Ao
B .P . 60*5-62*0®/25 mm Hg n .  1 .4 3 1 0 -1 .4 3 2 7
(3) 3 : 4-d ijnethy lnQ nene
|g'S
B .P , 76*0-78® /l8  mm Hg n p  1 ,4 3 4 5 -1 ,4 3 6 1
(3) 3 : 4 : 5 - t  r im e th y lh e p te n e
B .P . 51*0-53*0®/20 mm Hg n p  1 ,4 2 7 0 -1 ,4 3 4 2
In  th e  c a se  o f  2 : 6 -d lm e th y l -4 - i s o b a t y l h e : t e n e . t h e  ran g e  o f  
B .P , and n  v/as n o t so l a r g e
(4 )  2 ; G-d im e th v l - 4 - ia o b u ty lh e n te n e - 4
»7B .P . 80*5-81*7® /l8  mm Hg n;> 1 ,4 3 3 8 -4 3 4 3
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EXPERIMENTAL
In  each  case  in  t h e  p r e p a r a t i o n  o f  th e  f o l lo w in g  f o u r  
h y d ro c a rb o n a ,  t h e  r e q u i s i t e  t e r t i a r y  c a r b i n o l  was d i s t i l l e d  
o v e r  n a p h th a le n e - 2 - s u lp h o n io  a c id ,  and t h e  d i s t i l l a t e ,  a f t e r  
s e p a r a t i o n  of th e  w a te r  and d r y in g  w ith  ca lcu im  c h l o r i d e ,  
was d i s t i l l e d  a g a in  over îv e é h  c a t a l y s t .  The p ro d u c t  was 
d r i e d  w ith  ca lcu im  c h l o r i d e ,  and f r a c t i o n a t e d  a t  re d u c e d  
p r e s s u r e  th ro u g h  a  12 inch  column p ac k e d  w ith  Fenake h e l i c e s  
and f i t t e d  w ith  a  t o t a l - r e f l u x - v a r i a b l e - t a k e - o f f  s t i l l  h e a d .  
The f r a c t i o n a t e d  o l e f i n  was tiven re d u c e d  ; / i t h  hy d ro g en  a t  
3 a tm o sp h e res  p r e s s u r e  and Adam^a PtOg c a t a l y s t  in  th e  
p r e s e n c e  of g l a c i a l  a c e t i c  a c id .  Only in  th e  ca se  o f 
3 :4 -d i rn e th y lo o ta n e  was th e  o l e f i n  s o lu b l e  in  g l a c i a l  a c e t i c  
a c id .  R e d u c t io n  was r e p e a t e d  u n t i l  t h e  h y d ro c a rb o n  showed 
no s ig n  of un s a t u r a t i o n ,  when, a f t e r  w ashing  w ith  sodium 
h y d ro x id e  s o l u t i o n  guid w a te r  and d r y in g  w ith  ca lcu im  c h l o r i d e ,  
i t  was t e s t e d  w ith  a  s o l u t i o n  of brom ine in  c e x b o n te t r a r  
c h l o r i d e .  The h y d ro c a rb o n  was th e n  f r a c t i o n a t e d  in  a  s i m i l a r  
manner t o  t h e  o l e f i n .
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314<»d Im ethyl o c t ane
l à
Amount o f  3 :4 - d im e th y lo c ta n o l - 4  u s e d :  13 gm,
F r a c t  i o B ^ i c »  3 ; 4 -d  Im e th v lo c t  e n e .
Mo. ' B .P . nim;Hg gm
1 6 0 -5 -6 0 -8  25 1*5 1 .4 3 1 0
2 6 0 '8 - 6 1 «0 85 _ 2*0 1 .4 3 1 2  i
3 6 1 * 0 -6 1 '3  25 2*0 1 .4318  t
4 6 1 * 3 -6 1 .3  25 2 .0  1*4321 <
5 6 1 .3 - 6 2 .0  25 I - 5 1*4327 |
i
F r a g t l o n a t i o n  of 3 :4-d*methylootane
E L . B .P . mm.Hec
1
2
3
4
5
58*0-58*5 
58 * 0-58 *0 
58*0-58*4 
58*4-58*4 
58 * 4- 58 *4
30
30
30
30
30
1*5
1*5
1*5
1*5
0*5
1*4190
1*4190
1*4190
1*4191
1*4191
dÉM
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3 : 4 - d im eth y lnonane  
Amount o f  3 :4 - d im e th y ln o n an o l-4  u s e d :  1 5  gm.
F r a c t i o n a t i o n  o f  3 :4 -d lp ie th y ln o n e n e ,
No. B .P ,
1 76*0-76*0
2 76*5-77*0
3 76" 1^77*0
4 77*0-77*5
5 77*5-78*0
6 R es id u e
gm
18 2 .0  , 1*4345
18 2*5 1*4350
18 ^ a -5 1*4352
18 8*0 1*435?
18 1*5 1*4361
- 1*0
F r a c t  io n a t  io n  o f  3 : 4-dim  e t  h v l  nonane
No. . 
1
B .P .
75*8-75*5 19
m
1*0
aSL
1*4233
2 7 5 .0 -75*2 18 1*5 1*4233
3 75*0-75*8 18 1*5 1*4233
4
5
75*0-75*2
75*0-75*2
18
18
1*5
1*5
1*4235
1*4237
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8 : 4 : 5 - t r  im e th y lh e p t  ane 
Amount of 8 :4 : 5 - t r l m e t h y l h e p t a n o l - 4  u s e d :  14  ga,
F%@|Ot io n g t  io n  of 3 : 4 : 5 - t r  im e th y lh  e u t  ene
No. B .P . ' mm, Esc n p
1 51- O r b i t s 20 1*0 1*4370
S 51*3-51*5 30 1-5. 1*4271
3 51*5-52*0. 30 1*5. 1*4277
4 53*0-58*3. 30 1*5 1*4393
5 52*3-53*6 20 1*5, 1*4318
6 53*6—53*0 20 0*5 1*4342
F r a c t i o n a t i o n  of 2:4% 5 - t r im e th y lh e p ta n e
No. ‘ B .P , rom.Hs: gffi n f
1 49 * 5 ! 18 1*0 1*4174
2 49,. 5 18 1*5 1*41,71
3 * 49*5 18 1*5 1*4170
4 49*5 18 1*5 1*4170
5 49*5 18 1*0 1*4170
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St 6 - d im 0 th v l - 4 - i8o7mtvlhmntmne 
Amount of 3 : 6 -d im a th y l—4 - iaobu tv lh a u tm n o l—4 u s e d :  15 gn,
F r a c t i o n a t io a  o f 3 ; 6 - d lB ie th v l - 4 - iao bu tY lhe t) teB e-4
Mo. B .P . ma.Hg gm
1 78*5-81*0 19 1*0 1*4330
2 80*5-31*5 18 1*5 1*4338
3 80*5-81*0 18 1 *5  1*4338
4 80*5-81*0 18 1*5 1*4338
5 81*0-81*5 18 1*5 1*4338
6 81*0-81*5 18 1*5 1*4340
7 81*5-81*7 18 1*5 1*4343
8 81*7-81*7 18 1*0 1*4343
F r a c t i o n a t i o n  o f  2 : 6 - d i m f t h v l - 4 - I s o b u t v l h e p t ^ ne
No. B .P . m
\hS
n p
1 81 '3~81*5
2 81*5-81*7
3 81-7-81*9
4 81 -9 -83*0
5 83*0-83*5
6 83*5-81*5
7 8 8 .5 -8 3 * 0
18
. 18
19 
30
20 
20 
20
1 -0
1*5
1 -5
1 -5
1 -5
1 -5
1*0
1*4258
1*4357
1-4358
1-4252
1*4252
1*4352
1*4351
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